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EXECUTIVE SUMMARY

This report documents the Corrective Measures Study/Feasibility Study (CMS/FS) that was
performed for the 881 Hillside Area Operable Unit 1 (OU 1) of the Rocky Flats Environmental
Technology Site (RFETS) The study was conducted 1n accordance with the requirements of the
Rocky Flats Interagency Agreement (IAG) of January 1991 This agreement was signed between
the U S Department of Energy (DOE), the U S Environmental Protection Agency (EPA) and
the Colorado Department of Public Health and the Environment (CDPHE) The agreement
specifies that the CMS/FS shall be conducted following appropnate Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) and Resource
Conservation and Recovery Act (RCRA) guidance

The primary source of guidance used 1n the preparation of this report was EPA s Guidance for
Conducting Remedial Invesngations and Feasibility Studies Under CERCLA which outlines and
describes the requirements of the National O1l and Hazardous Substances Pollution Contingency
Plan (NCP) In prepanng this report data on OU 1 were obtained from both the Phase I1]
RCRA Facility Invesniganion/Remedial Invesnganon (RFI/RI) Report and the Rocky Flats
Environmental Database System (RFEDS) directly Where appropnate the more recent RFEDS
data were used to revise contaminant distribution maps and site depictions

Following standard CERCLA guidelines results of the Phase III RFI/RI report were first
examined to determine pnmary site contaminants and exposure pathways Once these nsk
dnvers were 1dentified, remedial acton objectives (RAOs) and prehminary remediation goals
(PRGs) were developed to address risks to human health and the environment In the case of
OU 1 the Environmental Evaluation (EE) portion of the Baseline Risk Assessment (BRA) did
not 1dentify any current or future nisks to environmental receptors Therefore this report
focuses on mmmimizing the nisk to human receptors as identified in the Public Health Evaluation
(PHE) portion of the BRA The RAOs 1dentified for OU 1 are listed below

1) Prevent the inhalation of ingestion of and/or dermal contact with volatile organic
compounds (VOCs) and morganic contaminants in groundwater that would result
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1n a total excess cancer nisk greater than 10* to 10® for carcinogens and/or a
hazard index greater than or equal to one for non carcinogens

2) Minimize further degradation of groundwater beneath OU 1 by ehminating and/or
containing residual subsurface soil dense non aqueous phase liquids (DNAPLSs)
to the maximum extent practicable

3) Prevent the inhalation of ingestion of and/or dermal contact with polynuclear
aromatic hydrocarbons (PAHs) polychlonnated biphenyls (PCBs) and
radionuchdes 1n surface soils that would result 1n a total excess cancer nisk greater
than 10 to 10 for carcinogens and/or a hazard index greater than or equal to
one for non-carcinogens

4) Prevent exposure to carcinogenic radionuchides in surface soil hotspots that would
result in an excessive short-term nisk to a human receptor

These RAOs presented to EPA and CDPHE 1n Technmical Memorandum (TM) #10 were
selected to address the pnimary nisk exposure pathways identified for OU 1 the pathways
associated with groundwater and surface soils Because surface soil risks already fall within the
acceptable risk range of 10* to 10° and because surface soil hotspots are being addressed
through a recent Proposed Action Memorandum (PAM) alternatives were not developed for this
medium as the RAOs are already achieved PRGs for RAOs dealing with groundwater were
identified by examining both risk- and applicable or relevant and appropnate requirement
(ARAR)-based values The exposure route of groundwater ingestion resulted in the highest
potential nisk to a future on site resident Therefore State maximum contaminant levels (MCLs)
were selected as appropnate PRGs for OU 1 groundwater

After selecting appropnate PRGs for OU 1 remed:al action alternatives for groundwater were
assembled that would provide various conceptual approaches for cleanup of the site The
alternatives presented to EPA and CDPHE in TM #11 and selected for detailed analysis
following a preliminary screening process were the following

] Alternative 0 No Action

. Alternative 1 Institutional Controls without the French Dran

] Alternative 2 Institutional Controls with the French Drain

] Alternative 3 Modified French Drain with Additional Extraction Wells
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Alternative 4 Groundwater Pumping and Soil Vapor Extraction (SVE)
Alternative 5 Groundwater Pumping and SVE with Thermal Enhancement
Alternative 6 Hot Air Injection with Mechanical Mixing

Alternative 7 Soil Excavation and Groundwater Removal with Sump Pumps

These alternatives were subjected to detailed analysis as required by CERCLA and the NCP [40
Code of Federal Regulations (CFR) 300 430] The critenia used to analyze the alternatives are
the following

Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity mobility or volume

Short term effectiveness

Implementability

Cost

State acceptance

Community acceptance

The two threshold cniternia overall protection of human health and the environment and
compliance with ARARsS, are statutory requirements that must be satisfied by any alternative 1n
order for 1t to be eligible for selection as the preferred remedial action alternative The five
primary balancing cntena of long term effectiveness and permanence, reduction 1n toxicity,
mobility and volume, short term effectiveness 1mplementability, and cost are used to evaluate
major performance objectives for each alternative The performance of each alternative in
addressing each primary balancing cniterion 1s evaluated and then compared across alternatives
to assist 1n the selection of a preferred alternative

The two modifying critena state acceptance and community acceptance evaluate the potential
acceptance of the preferred alternative by regulatory agencies and the commumty These last
two cntena are not evaluated until after formal public comment on the CMS/FS and Proposed
Remedial Action Plan/Proposed Plan (PRAP/PP) and are addressed in the final Corrective
Action Deciston/Record of Decision (CAD/ROD)
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For OU 1 the detailed analysis of alternatives demonstrates that Alternative 1 Institutional
Controls without the French Drain 1s the preferred alternative for groundwater remediation

This alternative consists of institutional controls to prevent unauthorized access to the 881
Hillside area and discontinuing use of the existing french drain system Groundwater modeling
conducted to support the CMS/FS 1ndicates that under this alternative the PRGs (MCLs) will not
be exceeded at Woman Creek for OU 1 contaminants of concern (COCs) This alternative
results 1n one of the lowest overall costs, while still achieving a residual nisk level of 1 99 x 104
at this location The associated peak concentration predicted for PCE (the selected indicator
chemical) 1s 3 60 x 10® mg/? This 1s below 1ts respecive MCL of 5 x 10° mg/¢

These values are considered extremely conservative based on the assumptions used 1n the
groundwater model (as discussed in Appendix B) Several significant loss mechanisms are
currently not included in the model which tends to overestimate actual future predicted
concentrations In particular volatihzation a significant loss mechanism for the volatile organic
compounds (VOCs) identified as COCs for OU 1 would reduce the concentrations of these
contaminants prior to reaching Woman Creek The retardation and biodegradation factors used

in the model are also extremely conservative

Alternative 1 meets both of the threshold critenia discussed above as well as providing long term
effectiveness and permanence through natural attenuation and degradation The toxicity

mobility and volume of OU 1 groundwater COCs would be reduced through dispersion

biological degradation, and volathzation In terms of short term effectiveness and
implementability, this alternative 1s one of the most implementable alternatives proposed, which
results 1n the lowest short term nisks to workers the public and the environment If at any ime
during the monitoring pennod COC concentrations appear higher than predicted the french drain
sumps would be pumped to the Building 891 water treatment plant to provide additional
protection This alternative results 1n a very low total present worth cost because institutional
controls are currently in place at the RFETS Monitoning would be continued under thus
alternative throughout the institutional control peniod
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State and community acceptance of this alternative will be evaluated after comments are received
on the CMS/FS report and the PRAP/PP At this ime the results of this CMS/FS indicate that
Alternative 1 Institutional Controls without the French Drain 1s the preferred remedial action
alternative for OU 1 groundwater
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1 0 INTRODUCTION

This Corrective Measures Study/Feasibility Study (CMS/FS) report 1s part of a comprehensive
program developed by the US Department of Energy (DOE) the US Environmental
Protection Agency (EPA) and the Colorado Department of Public Health and the Environment
(CDPHE) Ths program 1s authonized pursuant to the Rocky Flats Interagency Agreement
(IAG) of January 1991 In accordance with the requirements of the IAG this CMS/FS report
addresses provisions of both the Comprehensive Environmental Response Compensation and
Liabiity Act (CERCLA), and the Resource Conservation and Recovery Act (RCRA)

Background information on Operable Umit 1 (OU 1) of the Rocky Flats Environmental
Technology Site (RFETS) was obtamned pnmanly from the Phase III RCRA Facility
Invesniganion/Remedial Invesngation (RFI/RI) Report (DOE 1994a) However wherever
appropriate more recent data were used to develop figures and contour maps presented herein

These data were obtained directly from the Rocky Flats Environmental Database System
(RFEDS) and were used to supplement the information presented in the Phase ITI RFI/RI report

11 Purpose and Orgamzation of Report

This CMS/FS 1s based on the CERCLA RI/FS process developed by EPA for the Superfund
program (EPA 1988a EPA 1990b) Essentially the process 1s designed to provide decision
makers with a tool by which they can make an informed decision regarding the preferred
remediation alternative for a suspected hazardous waste site The methodology that EPA has
established for this type of study 1s outhned in the Guiudance for Conducting Remedial
Invesnganons and Feasibility Studies Under CERCLA (EPA 1988a) and 1s shown graphically 1n
Figure 1 1 Pursuant to the IAG, two technical memorandums (TMs) were prepared to present
the general approaches proposed for the CMS/FS to the regulatory agencies involved prior to
submitting the draft CMS/FS report Technical Memorandum #10 Development of Remedial
Acnon Objectives (DOE 1994b), and Techmical Memorandum #11 Development and Screening
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for review and will not be finahized since they do not require formal approval Comments
received on the documents are incorporated herein where appropnate

The method proposed by EPA can be viewed as occurning 1n three distinct phases These phases
are (1) the development of alternatives (2) the screeming of alternatives and (3) the detailed
analysis of alternatives

The first phase of the CMS/FS nvolves determiming which technologies will be used 1n the
development of alternatives and then combimng these technologies to form a range of remedial
alternative options for the operable umit This determination 1s based on the following items and
1s documented 1n TM #10 and #11 results are incorporated 1n Section 2 0 of this report

¢ Development of media specific remedial action objectives (RAOs)

o Development of media specific general response actions (GRAs)

o Identification of volumes and/or areas of the media which require GRAs

o Identification and screeming of technologies and process options for each GRA

¢ Evaluation of process options within each technology type to select a representative
process option for the development of remedial action alternatives

The second phase of the CMS/ES 1s an optional step depending on the number of alternatives
developed dunng the first phase If numerous waste management options were developed after
the screening of technologies then these alternatives can be screened to reduce the number of
alternatives that are carnied forward for detailed analysis This screemng 1s conducted on the
basis of effectiveness implementabiity and cost and 1s documented in TM #11 Results of the
screening are incorporated 1 Section 3 0 of this report

The final phase 1n the CMS/FS process 1s documented 1n Section 4 0 and consists of the detailed
analysis of alternatives which were carned forward from the screeming phase described above
In this phase the alternatives are further refined and analyzed in detail with respect to nine
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critena as required by the National O1l and Hazardous Substances Pollution Contingency Plan
(NCP) The critenia are listed below

Overall protection of human health and the environment

Comphance with Applicable or Relevant and Appropniate Requirements (ARARs)
Long term effectiveness and permanence

Reduction of toxicity mobility or volume

Short term effectiveness

Implementability

Cost

State acceptance
Commumty acceptance

In the detailed analysis these critenia are evaluated in two ways First each alternative 1s
evaluated individually on 1ts ability to satisfy the nine critenia, and second the alternatives are
subjected to a comparative analysis (against each other) to assess the relative performance of
each alternative against the critena

These chapters document the CMS/FS process as 1t was apphed to OU 1 of the RFETS
Sections 2 0O through 4 0 contain the techmcal basis for the selection of a preferred alternative
while Section 1 O presents the background for the report A site description and history along
with a summary of the extent of contamination and the results of the baseline nsk assessment
are mncluded 1n this section Several appendices are included to support the information
presented 1n the CMS/FS

12 Background Information

The RFETS 1s a DOE owned facility and 1s located approximately 16 miles northwest of
downtown Denver Colorado (see Figure 1 2) RFETS occupies approximately 6,550 acres of
federally-owned land 1n northern Jefferson County Colorado The majornty of the RFETS plant
buildings are located within a 400-acre area referred to as the RFETS secunity area The 6 150
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acres surrounding the plant buildings provide a buffer zone around the RFETS security area
RFETS 1s operated and managed by EG&G Rocky Flats Inc for DOE

In July 1994 the plant was renamed to the RFETS to better reflect its new mission of
environmental restoration and the advancement of new and innovative technologies for waste
management characterization, and remediation Until 1992 RFETS fabricated nuclear weapon
components from plutomum, uramum berylhum and stainless steel Parts made at the plant
were shipped elsewhere for assembly Support activities included chemical recovery and
punification of recyclable transuranic radionuchides and research and development 1n metallurgy

machiming nondestructive testing coatings remote engmeening chemustry and physics The
production process at RFETS resulted 1n the generation of radioactive and non radioactive
wastes On site storage and disposal of these wastes has contributed to hazardous and
radioactive contamination in souls, surface water and groundwater

121 881 Hillside Site Background and Description

Previously Building 881 was used for enriched uramum operations and stanless steel
manufacturing The laboratonies in Building 881 also performed analyses of the matenals
generated 1n production The building 1s located south of the plant on a south facing hillside
which then slopes down to Woman Creek Topographically the highest pomnt near OU 1 1s
Building 881, approximately 6 000 feet above mean sea level and the lowest pont 1s n Woman
Creek about 5 830 feet above mean sea level Two surface drainages occur 1n the vicimty of
OU1 Woman Creek flows along the base of 881 Hillside south of OU-1 and the South
Interceptor Ditch (SID) crosses OU 1 between the plant and Woman Creek A french drain was
constructed mm 1993 across a sigmificant portion of OU 1 above the SID to collect alluvial
groundwater as an Interim Measure/Intennm Remedial Action (IM/IRA)

OU 1 includes 11 units previously identified as Individual Hazardous Substance Sites (IHSSs)
where past operational practices have resulted in the contamination of soils surface water,
and/or groundwater Of the 11 IHSSs, two have been 1dentified as having potentially the most
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contamination These two areas are identified as THSSs 119 1 and 119 2 and are referred to
as Multiple Solvent Spill Sites  The areas are located east of Building 881 and along the
southern perimeter road Beginming 1n 1967 these two areas were used as drum storage areas

The drums contained unknown types and quantities of solvents and solvent wastes and possibly
some radionuchdes Drum storage operations were suspended at IHSSs 119 1 and 119 2 in
1972 OU 1 includes mne additional IHSSs (see 1dentification numbers 1n Figure 1 3) Bnef
descriptions of all OU 1 IHSSs are included in Table 1 1

122 Geomorphology

The geomorphology of a site can influence potential contamnant transport pathways including
surface water and groundwater flow The geomorphology at OU 1 reflects the interaction of
several erosional and depositional processes on the bedrock and surficial matenals underlying
the site and accounts for the gently rolling to moderately steep slopes developed on 881 Hillside

Subsequent to the initial siting of the plant the terrain has been recontoured 1n several areas at
various tmes These include the construction of Building 881 the placement of fill and waste
matenals in several areas including the contractor yard and several IHSSs the grading of roads
at the site the construction of the SID and most recently, the construction of the french drain

The steepness of the lillside combined with various construction and excavation activities at
OU 1 has resulted 1n mechamcal failure mamifested 1n widespread slumping of material The
number of damaged wells on the hliside testifies to the prevalence of earth movement Previous
studies have also dehineated slumps in the 881 Hillside area One study map shows the entire
hillside as being susceptible to landshdes (DOE 1994a)

123 Hydrogeology

Groundwater hydrogeology has been a central component of three phases of study at OU 1 The
most recent interpretations in the Phase III RFI/RI report represent a comprehensive evaluation
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of the OU hydrogeology based on eight years of investigation and monitoring  Groundwater at
OU 1 1s present 1n the unconsolidated surficial matenal consisting of the Rocky Flats Alluvium
colluvial material and the Valley Fill Alluvium Groundwater 1s also inferred to occur locally
n the upper portion (1 e 0 to 25 feet) of the Laramie claystone bedrock These units contain
unconfined groundwater and compnse the upper hydrostratigraphic unit (UHSU) Groundwater
also occurs 1n deeper (>25 feet) bedrock sandstones and claystones of the upper Laramie
Formation This bedrock umit 1s labeled the lower hydrostratigraphic unit (LHSU) and
groundwater here 1s confined 1n places The Phase III RFI/RI results for OU 1 indicate the
presence of these umts, based on their exhibiting different hydrogeological charactenstics
although defining the boundary 1s difficult

Over most of the site, UHSU groundwater flow occurs in disconnected northwest southeast
trending channels that have been scoured into the bedrock surface Bedrock highs and lithologic
vanability, notably the presence of clay lenses, act to retard the rate of groundwater flow Flow
has been observed in ghide planes bounding the slump blocks Parts of OU 1 particularly in the
eastern portion are only seasonally wet and contain groundwater only in the spring months
when there 1s high precipitation Groundwater levels across OU 1 are higher 1n spring than 1n
the remainder of the year

Recharge to the UHSU 1s mimimal and 1s primanly through infiltration of precipitation, which
ranges from 2 inches per hour for 1mitial infiltration to 0 § inches per hour for final (saturated)
infiltrahon Localized sources of recharge include seepage from the Rocky Flats Alluvium to
colluvial matenals and former recharge from the Building 881 footing drain which has since
been rerouted to the french drain collection system Flow from this drain averages 3 5 gallons
per minute (gpm) Discharge occurs largely through evapotranspiration and discharge at
boundarnes such as seeps, Woman Creek the South Interceptor Ditch (SID) and the french drain

(DOE 1994a)

From aquifer test data the average linear flow velocity was estimated at 70 feet per year in the
vicinity of THSS 119 1 8 feet per year in the vicimty of Building 881, and 180 feet per year
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within the Valley Fill Alluvium The volume of UHSU groundwater at OU 1 was estimated at
5 8 acre feet 1n January 1992 to 5 acre feet in Apnl 1992 (DOE 1994a)

Measured hydraulic conductivities vary widely because geological charactenistics that control
permeabilities vary widely in the matenals that comprise the unconsolidated matenial of the
UHSU The overall range of hydraulic conductivity values esimated for UHSU matenials was
3 x 10° to 2 x 10° cm/sec The hydrologic data show that a wide range of hydraulic
conductivity values characterize the surficial matenals at OU 1 Also the horizontal hydraulic
conductivity values 1n bedrock appear to be 10 to 1 000 times greater than values 1n the vertical
direction which range from 12 x 10°to 2 5 x 10® Water levels screened 1n the UHSU nise
annually 1n response to spring recharge and decline dunng the remainder of the year (DOE
1994a)

Based on groundwater level data from the french drain monitoring wells the recently instailed
french drain system appears to be effective in capturing UHSU groundwater and aqueous phase
contaminants migrating from OU 1 Data from Apnl 1993 a month of high precipitation
showed that most of the UHSU monitoring wells were dry (DOE 1994a)

1 3 Nature and Extent of Contamunation

This section summarizes the results of the nature and extent of contamination at OU 1 as
presented 1n the Phase Il RFI/RI report  This information 1s presented by contamimant group
with specific areas identified as impacted Table 1 2 summarizes the contaminants originally
identified 1n the Phase III RFI/RI report for the media of groundwater surface soils subsurface
soils surface water, and sediments
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Table 1 2
Contaminants Identified in the RFI/RI by Media

[ Ground | Surface | Subsurface | Surface
Contaminant { Water Soil Soil* Water* Sediment*
— S Volatile Organic Compounds |

Carbon Tetrachlonide

»”

Chloroform

1 1 Dichlioroethane

1 2 Dichloroethane

1 1 Dichloroethene

1 2 Dichloroethene

c18 1 2 Dichloroethene

“ Tetrachloroethene

Toluene

Total Xylenes

HlllTnchloroethane

ﬂ 1 1 2 Trnchloroethane

II Tnchloroethene

| K M e | X ] M| ] ] ] K

Selenium

Vanadium

" Amencium

Il Uranium

Plutomium

|| AROCLOR 1248

i AROCLOR 1254

|
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Table 1-2

(Continued)
Contaminant (%;:ut;d Susr:lnlce su"s.::;fm %vu:f$ Sediment*
Polynuclear Aromatic Hydrocarbons (PAHs)
Acenaphthene X X ""’o%‘g
Acensphthylene X - S AR
Anthracene X A ﬁfﬁg P gt ,‘:if%'@ -
|| Benzo(@yanthracene X y Pias DY
|| Benzoa)pyreae X Pl i oometi e T
Benzo(b)fluoranthene X g, &P hade 4
Benzo(ghn)perylene X % * iy
|| Benzo()ftuoranthene X w gy
Chryseae X fow R X
Dibenzo(a h)anthracene X fg%e;;“ f**j-"* - o
Fluoranthene X i = e %
Fluorene X s i b ey
Indeno(1 2 3-cd)pyrene X o .
|| 2 Metbyinsphthaicne Gl L e e, L
| Napbsateas X ke v, B o
| Phenanthrene X " _,5%3 s LN

X Contammnant 13 & COC which has been detected 1n the medium

*  Contamnants m shaded media did not result in a cancer nisk greater than 10¢ nor a hazard index greater than one
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131 Volatile Organic Compounds

Volatile organic compounds (VOCs) are present 1n subsurface soils and occur 1n some locations
at high concentrations 1n groundwater (>1 0 mg/f) Chlonnated solvents occur sporadically
and at low concentrations (<1 0 mg/kg) in subsurface soils throughout the IHSSs Sources
for the high concentrations of these VOCs 1n groundwater have not been sampled but there 1s
adequate circumstantial evidence to conclude that subsurface sotls with high chlorinated solvent
concentrations (sources) exist Toluene occurs throughout OU 1 1n subsurface soils at relatively
low concentrations however the source of the toluene 1s unknown The occurrence of toluene
in the OU 1 samples may be a result of laboratory or field introduced contamination

Three general source areas for VOCs 1n groundwater at OU 1 have been 1dentified (see Figure
1-4) Within these three general areas multiple release poimnts appear likely based on
concentration gradients and chemical fingerprints The three general source areas inciude

South of Building 881
e THSS 1191 area
e Southeast of IHSS 119 2

These areas are discussed further 1n the following paragraphs For the sake of consistency the
terms used to define these areas are used throughout the report The terms are used 1n place of
IHSS designations because for the most part actual sources have not been conclusively
determined for all of these contaminated groundwater areas In addiion remediation measures
would need to be evaluated for the "plumes directly and could not be limited to individual
IHSSs

Area South of Building 881

Groundwater 1n this area contains generally low concentrations of chlornated solvents ranging
from non-detects to 130 ug/f as a maximum However, the spatial distribution of the detections
1s inconsistent and does not clearly indicate a discrete source In addition the description of the
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histonical activities at THSSs 145 107, and 106 does not clearly indicate use or disposal of
chloninated compounds

The maximum detection of 130 ug/f of 1 1 1 tnchloroethane (1 1 1 TCA) n samples collected
from well 1 87 may indicate IHSS 145 1s a source However the results of a soil gas survey
presented 1n the previous Phase I RI Report revealed no 1 1 1 TCA 1 the soil gas sample
collected closest to well 1 87 and thus do not corroborate the source

Soil gas survey results reveal a high concentration of tetrachloroethene (PCE) in soil gas
approximately 30 feet southwest of well 5287 and 1s shown on Figure 1-4 as a suspected source
area Ths detection 1s the second highest out of several hundred soil gas samples collected at
OU 1 suggesting a source for PCE 1n subsurface soils and the possible existence of residual
dense non aqueous phase hquud (DNAPL) (DOE 1994a) The lack of PCE detections 1n
groundwater samples collected from wells south of the soil gas detection (well 5487/5387)
suggest that erther the solvent release did not reach the water table (as a free phase wetting front)
or that groundwater 1s not present at the location of the release

IHSS 119.1 Area

Documented waste storage practices at this IHSS resuited 1n the release of chlonnated solvents
which now pose a continuing source for VOCs 1n groundwater VOC concentrations are highest
1n the southwest portion of the IHSS Thus fact coupled with the apparent presence of drummed
waste as seen 1n historical aenal photographs permits approximate defimition of the source area
1n the southwest portion of the IHSS Within this source area, individual releases from drums
cannot be resolved due to their apparent small areal extent However the results of the Phase
I so1l gas survey suggest several locations which may represent the actual release ponts thus
permitting an estimation of where DNAPL contaminants may have ongmated A comparison
of the chemical suite detected 1n groundwater at several locations within the drum storage area
revealed at least two distinct chemical mixtures One 1s domunated by trichloroethene (TCE) and
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111 TCA (well 0974) and the other 1s dominated by carbon tetrachlonde (CCL) (well 1074)
which supports the multiple release point concept

Given the assumed release mechamism namely leaking drums on the ground surface 1t 15
reasonable to assume that gravity dniven wetting fronts of chlorinated solvents may have
advanced through the vadose zone and at least portions of the saturated zone If consistent with
solvent migration theonies as the wettng front passed 1t may have left behund residual free
phase chlorinated solvents 1n both the vadose and saturated zone This residual would thus
constitute a continuing source for VOCs 1n groundwater at this location

A major finding of the Phase III RFI/RI was that chlornated solvents released at IHSS 119 1
have likely entered the UHSU as DNAPLs Phase IIl RFI/RI results suggest that the DNAPL
zone 15 limited to the UHSU directly beneath IHSS 119 1  An aqueous plume of TCE, TCA,
and several other VOCs has been defined as emanating from the DNAPL zone and has migrated
along the preferential groundwater flow pathway This plume 1s currently being intercepted by
the french drain

The migration of VOC contamination 1n groundwater downgradient of the western portion of
IHSS 119 1 1s currently imited by the french drain which acts as a hydraulic barrier 1n the
UHSU The historical maximum concentration of VOCs 1n groundwater 18 defined by well
4787 although 1n general well 4787 has had sporadic low level detections of VOC contaminants

The extent of contamination oniginating from the umdentified source 1s unknown Well 0687
was destroyed dunng the construction of the french dran  The french drain now captures all
UHSU groundwater that once flowed through the area occupied by well 0687

Area Southeast of IHSS 119.2

Concentrations of chlormnated solvents detected in two closely spaced monitoring wells
downgradient of IHSS 119 2 (wells 6286 and 6386) are attributed to potential VOC release areas
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at both THSS 119 2 and outside the operable umt The occurrences of these VOCs 1n
groundwater within the IHSS include one time detections of 9 3 ug/¢ 1n UHSU well 34791 and
01 ug/¢ LHSU well 4587 Chloroform detections occurred three times in well 4587 with a
maximum detection of 18 ug/¢

Wells 6286 and 6386 contain contaminated groundwater and are located in a drainage
hydraulically downgradient from IHSS 119 2 Therefore a VOC release point 1s suspected and
1s shown on Figure 1-4 based on the location of suspected waste disposal features depicted on
aenal photographs The location and size of this suspected VOC release point 1s uncertain It
1s possible that contamination from the 903 Pad 1s also responsible for the VOCs detected 1n
monitoring wells on the Hillside The 903 Pad 1s upgradient of the impacted wells and 1s known
to be a source for CCL, and other dissolved chlorinated solvents in groundwater

The occurrence of chlorinated solvents 1n subsurface souls 1s hmited to a maximum detection of
140 ug/kg 1n one borehole (BH5887) The occurrence of VOCs 1n soil gas 1s hmited to low
levels of PCE and 1 1,1 TCA at one location within the IHSS However the magmitude of the
so1l gas detections 1s several orders of magmitude less than those noted at Building 881 and IHSS
119 1 and are more representative of the local background around IHSS 119 2 Nevertheless
as was the case at IHSS 1191 the presence of a VOC release pomnt within IHSS 119 2
boundanes 1s suspected based on the downgradient groundwater chemustry

132 Metals

Metal contaminants include vanadium and selemum, both of which are sigmficantly elevated in
groundwater These elements are not elevated 1n surface or subsurface soils Although these
substances were not reported to have been associated with wastes stored or disposed of at OU 1

they appear to be elevated primarily in areas where VOC wastes were stored at OU 1 It 1s
postulated that these metals are undocumented constituents of wastes stored at IHSS 1191 It
1s unlikely that they were leached from the soil by orgamic wastes disposed of at OU 1 since
hydraulic o1l and chlonnated solvents have poor chelation properties and are not strongly acidic
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or basic Nevertheless the potential for leaching of these metals exists Alternatively these
constituents may be naturally occurring however there 1s msufficient data to support exther
conclusion Four areas have been identified at OU 1 wath elevated selenium and/or vanadium
as discussed below

IHSS 119.1 Area

Multiple detections of selemum and vanadium were noted 1n momtoring wells located 1n the
southwestern portion of the IHSS (Figure 1 5) Typically the elevated metals were seen 1n
association with VOCs In particular, the highest metal concentration (2200 ug/f of Se) was
detected 1n a well with one of the highest VOC concentrations anywhere at OU 1 (Well 1074)

The maximum downgradient extent of selemium in groundwater at IHSS 119 1 appears to be
the vicity of well 0487 The occurrence of vanadum 18 simlar to selemum except that
vanadium only occurs above background in UHSU wells

Area South of Buillding 881

One detection of vanadium was noted at well 5387 at approximately six times the background
level of 30 mg/¢ Thus well exhubits concentrations of various chlorinated compounds 1n the 1
to 25 ug/l range Several potential VOC source areas have been identified in the area south of
Building 881, however well 5387 1s not particularly close to the suspected source areas
Nevertheless 1t 1s conceivable that the vanadium present 1n groundwater at 5387 represents a
plume ongmating from one of the VOC source areas previously discussed The extent of
vanadium concentrations above background near Building 881 appears to be himited to the
immediate vicimty around well 5387

Area East of IHSS 102

One detection of vanadium and three detections of selenmum were noted above the background
level 1n well 6986 No detections of VOCs have been noted at thus well It 15 unclear whether
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these detections represent contamination or naturally occurring levels as the maximum vanadium
and selemium concentrations represent 126 percent and 194 percent of background respectively

Based on these relatively low levels a contaminant source 1s not suspected 1n this area

Southeast Comer of THSS 130

Vanadium 1s the only contaminant detected at this location over background levels A maximum
of 403 ug/t was detected at well 37191 which represents approximately five times the
background level Only exceedingly low levels of VOC contamination (<0 5 ug/{) was found
in association with the vanadium The extent of vanadium and selemum contamination 1n the

southeast corner of IHSS 130 appears to be hmited to the immediate vicimty around well 37191

133 Semvolaule Organic Compounds

The only semivolatile organic compounds (SVOCs) that are identified contaminants at OU 1 are
PAHs and PCBs Although PAHs are considered to be OU 1 contaminants in the Phase IIT
RFI/RI they are not considered to be of OU 1 ongin PAHSs occur over most of QU 1 1n surface
soils and tend to decrease in concentratton with depth PAHSs have also been detected in
sediments Several areas of OU 1 have been 1dentified where PAHSs appear more concentrated
relative to the surrounding area The areas do not comncide with IHSS locations (see Figure 1
6) The sources for the PAHs at OU 1 are presumed to be general urban fallout including
asphalt dust and larger particles vehicle exhaust and furnace exhaust

13 4 Polychlonnated Biphenyls

PCB occurrence 1s restricted to IHSS 119 1 and 119 2 surface and subsurface souls (Figure 1 7)

One PCB detection has been also noted 1n sediments However sediments are not addressed
as part of the OU 1 CMS/FS and 1n addition this detection was at the western OU 1 boundary
and 1s not considered of OU 1 ongin The contaminant release mechamism for PCBs 1s

unknown
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135 Radionuchides

Amencium plutomum, and uranium have been 1dentified as OU 1 contaminants and are elevated
1n surface and subsurface soil In addition plutonium and americium are evaluated in surface
water and sediment The widespread plutomum and americium contamination appears to be a
result of deposition of wind-disseminated plutonium/americium-contaminated dust onginating
from the 903 Pad Area A general decrease in activities 1s noted from east to west ranging from
a maximum of 22 7 pCu/g to 0 0076 pCi/g of plutonium and 4 15 pCy/g to 0 0129 pCi/g of
amernicium (see Figure 1 8)

In contrast to the wide-spread plutomum/amencium contamination, localized hotspots are
present at OU 1 that are markedly contaminated with either plutontum/americium or uranium

These “hotspots” are postulated to have arisen from releases of radionuchide-contaminated hiquids
stored 1n drums at OU 1 and are being addressed through an early removal action discussed
later

Unhike plutonium and americium, uranium contamination 1s not wide-spread, although 1t 1s
significantly elevated at discrete locations in surface and subsurface soils at OU-1 Uranium was
below background levels at $S100393, slightly above background at SS100493 and significantly
above background at SS100193 and SS100293 The low levels at SS100493 coupled with
uranium 233 234/uranium 238 ratios of approximately 1 to 2 suggest the uranium may be
naturally occurnng The highest activities of uramum at SS100193 and SS100293 occur just
beneath the surface as the deeper composites have the higher aciviies The maximum total
uranium activity at SS100193 1s approximately 550 pCi/g with a uranium 233 234/uranium 238
activity rattio of 3 5§ This suggests contamination with enriched uramium The maximum total
uranium activity at SS100293 1s approximately 240 pCi/g with an activity ratio as high as 160
This suggests contamination with uramum-233 as the activity ratio far exceeds that for ennched

uranium
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14 Fate and Transport of Contamunants

This section discusses potential mechamisms by which contaminants 1dentified in the Phase I
RFI/RI can migrate  Although several mechamsms are 1dentified 1n the following sections, the
groundwater medium 1s the most sigmificant pathway Figure 1 9 depicts potential groundwater
migration pathways Note that this figure does not include the volume of groundwater avaiiable
for transport Many areas of OU 1 are currently dry and remain dry throughout the year The
mgration pathways presented 1n the figure merely present potential pathways assuming adequate
groundwater 1s present

141 Volatile Organic Compounds

The release mechamisms for VOCs at OU 1 are vaned mcluding pure product leakage from
stored drums possible leakage of dilute aqueous solutions of VOCs from pipelines and seepage
of aqueous VOC solutions or pure product from impoundments and disposal pits In the area
south of Building 881 the release mechamsms likely to have occurred mnclude leaking pipelines
and leakage from impoundments and disposal pits In the western portion of OU 1 (THSS
119 1) the release mechanism 1s most likely leakage from drums stored on the land surface

Once the contaminant has entered the subsurface the pathways for VOC migration include
gravity dnven wetting fronts of aqueous solutions and/or small volumes of pure product through
the vadose zone to the water table In the case of pure product, the density of the pure
chlormnated solvent would allow the contaminant to nuigrate vertically through the saturated zone
The migration as pure product would be arrested once the wetting front of contamination became
depleted by the process 1n which residual product 1s retamned by soils and rock Alternatively
the migration would stop once the pure product came to rest 1 a topographic low on an
impermeable surface (posstbly the Laramie claystone) At this point, migration would continue
1n the form of an aqueous phase hydrocarbon plume (if groundwater 1s present) Precipitation
and nfiltration would also contribute to VOC mugration as pure chlonnated solvents are
dissolved and transported downward by infiltrating snowmelt and rainwater
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The dissolved phase plume would migrate with the groundwater being retarded to varying
degrees as a function of the physical and chemical properties of the contaminant geologic
matenials and groundwater In the case of OU 1 the organic contaminants identified in the
Phase III RFI/RI report are pnmanly retarded by the clayey matenals in the subsurface
environment This 1s due to the relatively low organic carbon content of the soils found in OU
1 Retardation 1s particularly significant for OU 1 contaminants with high K, values like CCL,
(DOE 19%4a)

At OU 1 the shallow groundwater, which carries most of the contamination 1s controlled to a
large degree by the topography of the bedrock surface Active channels in the bedrock are
covered by unconsohdated matenal of varying thickness that 18 vanably saturated Typically

groundwater will flow towards the axis of the bedrock channel and continue downgradient along
the axis of the channel potentiaily to the Woman Creek Alluvium Therefore at OU 1 an
aqueous phase hydrocarbon plume 1n groundwater has the potential to discharge to Woman
Creek although this 1s not likely due to the low 1mitial volume of contaminants of concern
(COCs) available for transport However the existing french drain acts as a hydraulic barner
preventing the discharge of contaminated groundwater 1n the western and central portions of OU

1 to Woman Creek In the eastern portion of OU 1 the potential exists for continuous
contamnant migration pathways in groundwater from the suspect source areas to Woman Creek

However conclusive evidence of this occurrence has not been found, and the COC
concentrations found to date limit the amount of contamination available for transport

VOC-contaminated groundwater may also discharge to surface water through seeps which have
historically been observed at QU 1 (DOE 1994a) While VOCs 1n surface water have been
previously detected in the SID the recent construction of the french drain has intercepted this

pathway

Other migration pathways for VOCs include volatilization of pure product into soi1l gas and
subsequent migration of soil gas laterally and vertically away from the source area VOCs can
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also partition out of contaminated groundwater 1nto soil gas or desorb from organic matter into

the soil gas

VOCs would not be expected to migrate 1n sigmficant quantities through surface water or wind
transport of VOC contaminated surface soil Thus 1s based on the assumption that VOCs would
quickly volatihze from the respective media One apparent exception to this 1s the occurrence
of toluene 1n OU 1 surface soils Although there 1s no evidence to suggest that toluene 1s
mugrating through surface water or wind 1t apparently 1s persistent i near surface soils despite
its relative hugh volatility

142 Metals

The mechamsm for the release of metal contamnants nto the environment 1s less clear than for
VOCs It 1s presumed that selemum and vanadium are undocumented RFETS wastes that were
associated with the VOC wastes stored and disposed of at OU 1 It 1s unhkely that they were
leached from the so1l by organic wastes disposed of at OU 1 since hydraulic o1l and chlorinated
solvents have poor chelation properties and are not strongly acidic or basic Nevertheless the
potential for leaching of these metals exists Alteratively these constituents may be naturally
occurring however there 1s mnsufficient data to support either conclusion In either case the
primary migration pathway 1s as a dissolved phase contaminant plume in groundwater This
mugration pathway was previously presented for VOCs

143 Semvolatile Organic Compounds

It 1s presumed that PAHs were deposited at OU 1 as fallout of combustion products or wind
blown asphalt dust Asphait dust and larger particles may also have been transported and
deposited by vehicles traversing OU 1 or by disposal of asphalt waste at OU 1

Once 1n place the dispersion mechamisms include vertical migration by mnfiltrating surface water
carrying small particles composed of PAHs The low solubility and lugh k. values of PAHs
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precludes mobilization of significant quantities 1n the dissolved form therefore transport via
groundwater 1s not sigmificant Other transport mechamisms include surface water and wind
transport of particulate

144 Polychlomated Biphenyls

Transport mechanisms relevant for PCBs are sumilar to those for PAHs however the source
areas for PCBs are more discrete than for PAHs PCBs are expected to be very immobaile given
the high k. values and the hugh carbon and clay content 1n surface soils at OU 1 Adsorption
of PCBs at OU 1 1s expected to be substantial on soils and clay particles (DOE 1994a)

1 45 Radionuchides

Transport mechanisms relevant to radionuchides are similar to PAHs In particular plutonium
has a strong affimity for the sohid phase and will not be readily mobihized by precipitation and
mnfiltration Plutonium 1s strongly adsorbed to clay particles and 1s expected to undergo strong
cation-exchange reactions due to 1its strong positaive charge (DOE 1994a) The pnimary transport
mechamsm for plutomum 1s wind dispersion

15 Baseline Rusk Assessment

The OU 1 Baseline Risk Assessment (BRA) consists of both a public health evaluation and an
environmental evaluation The primary purpose of each evaluation 1s to examine the current and
future nsks associated with contaminants identified during the analysis of the nature and extent
of contamination The following subsections summarize each evaluation and provide an overall
summary of the nsks associated with OU 1
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151 Public Health Evaluation

Dunng the course of the Public Health Evaluation (PHE) site population and land use data
were analyzed 1n order to devise several representative exposure scenarios (potentially exposed
receptors) for assessing the risk to current and future human health from identified contaminants
at the 881 Hillside Area For each of these scenarios pathways were traced which represented
exposure routes from the source to potential receptors

Pathway elements were examined relative to the results of the Phase III field investigation which
indicated that contamination exists in groundwater surface sous subsurface sois, sediments

and surface waters The contaminants 1dentified 1n these areas included VOCs PAHs PCBs

morganic contaminants and radionuclides The contaminant release mechamisms evaluated were
leaching volatilization resuspension of particulates by wind etc Potential transport media
identified were surface water groundwater, air soil and biota The exposure route (the route
of entry into the human body) for these media included ingestion 1nhalation, and dermal contact

In accordance with the Risk Assessment Guidance for Superfund Volume I Human Health
Evaluation Manual (Part A) (EPA 1989a) if any of the above-mentioned pathway elements 1s
missing the projected receptor will not receive a chemical or radionuchide dosage and no excess
nisk will exast from that contaminant

The OU 1 physical environment including the french drain and treatment system was used with
information about the potentially exposed population land use scenanos and exposure pathways
to form the conceptual site model This was evaluated to identsfy complete pathways for
credible and plausible exposure scenarios The following descnibes the specific land use
scenanios and pathways selected with the conceptual site model for quantitative assessment

e Current Off Site Resident

— Inhalation of airborne particulates
— Soail ingestion (following deposition of particulates on residential soil)

OU 1 CMS/FS Report DRAFT FINAL
831 Hullside Area
August 1994 131

|
e e ek RS, Rboat vt Bt [PORTY RN AT S P PO o i -

ke Wi



— Dermal contact with soil (following airborne deposition of particulates)
— Ingestion of homegrown vegetables/fruit (following surface disposition and uptake of

particulates)
e Current On Site Worker

— Inhalation of airrborne particulates
— So1l ingestion

— Dermal contact with soil

— Sediment 1ngestion

— Dermal contact with sedument

— Surface water ingestion

— Dermal contact with surface water

¢ Future On Site Worker

— Inhalation of VOCs 1n endower air (office worker only) and outdoor air (construction
worker only)

~— Inhalation of airborne particulates

— Soil 1ngestion

— Dermal contact with soil

— Sediment ngestion (office worker only)

— Dermal contact with sediment (office worker only)

— Surface water wmgestion (office worker only)

— Dermal contact with surface water (office worker only)

¢ Future On Site Ecological Researcher

— Inhalation of airborne particulates
~— Soil ingestion

— Dermal contact with soil

~— Sediment ngestion

— Dermal contact with sediment

— Surface water ingestion

— Dermal contact with surface water

e Future On-Site Resident

— Inhalation of indoor VOCs from basement vapor
— Inhalation of particulates

— Soil ingestion

— Dermal contact with soil

— Sediment ingestion

— Dermal contact with sediment

— Surface water ingestion
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— Dermal contact with surface water
— Ingestion of homegrown vegetables/fruit (following surface deposition of particulates
and uptake)

In addition four special cases of the on site residential scenarios were included to show the
impact of the use of groundwater and to evaluate risk at the source It should be noted that
groundwater yield was examined through several UHSU well simulations as part of the BRA
These simulations indicated that the yield of contaminated groundwater in IHSS 1191 1s
1nadequate to support a household of four people (see Appendix F)

The results of the BRA indicate that only the media of groundwater and surface soils present a
nisk greater than the acceptable nisk range of 10* to 10° The risk to a human receptor from
exposure to groundwater contaminants of concern (COCs) 1s driven primarily by the exposure
routes of ingestion 1nhalation of volatiles and dermal contact For a future on site resident

this nisk 1s on the order of 102 to 102 but applhes only to exposures occurring directly at THSS
1191 Rusk results excluding thus source location are much lower for groundwater

The nsk to a human receptor from exposure to surface soil COCs 1s driven primarily by the
exposure routes of ingestion of vegetables ingestion of soi1l inhalation of particulates and
dermal contact For a future on site resident this risk 1s on the order of 10° It should be
noted however, that this risk 1s based on OU 1 sitewide average radionuchide concentrations

These average radionuchde concentrations include a few areas of high contaminant
concentrations (1 ¢  hotspots ) that are lumited 1n extent and only exist within the boundanes
of IHSSs 119 1 and 119 2 These hotspots are currently scheduled for remediation under an
early removal action for OU 1 and will be remediated to measured background concentrations

The nisk to a future on site resident excluding the hotspots 15 on the order of 10* Rusk results
are summarnzed in Tables 1 3 and 1-4
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Table 1 3
Summary of OU 1 Point Estimates of Carcinogenic Risk

Total Excess

Scenano Cancer Risk Domunant COC* Dominant Pathway
Current
On Site Worker (Secunty 1x10* Plutonium 239 240 Inhalation of dust
Specialist)
Off Site Resident (Adult) 2 x 10° Plutomum 239 240 Inhalation of dust
Standard Future
Future On Site Worker 2x10° Plutonium-239 240 Inhalation of dust
(Office)
Future On Site Worker 4 x 107 1 1 Dichloroethene Inhalation of volatiles
(Construction)
On Site Ecological 2x10° Plutomium-239 240 Inhalation of dust
Researcher
On Site Resident (Adult) 3x10° Plutonium-239 240 Inhalation of dust
Other Future
On Site Resident (Adult) 6x 10° 1 1 Dichlorosthene Ingestion of groundwater
(Sitewrde With Groundwater)
On Site Resideat (Adult) 7 x 10? 1 1 Dichloroethene Ingestion of groundwater
(Assuming Adequate
Groundwater At Source)
On Site Resident (Adult) 4 x10? Plutonum 239 240 Inhalation of dust
(Groundwater At Source
With Public Water)
On Site Resident (Adult) 5x 10° Dibenzo(a h)anthracene Ingestion of vegetables
(Without Source/Without
Groundwater)

Plutonsum concentrations are bussed high by the presence of severa] hotspots which are currently being evaluated for removal Upon
removal of the hotspots the donunant surface soil COC 1s no longer plutomum for thoss areas where the radionuclide hotspots drive the
nsk In these cases nsks from surface souls wall be approxumately 5 x 10 as calculated for the on-site resident scenano without the source
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Table 1-4
Summary of OU-1 Point Estimates of Noncarcinogenic Rusk

Total Hazard Index

Scenario Child Adult Domunant COC Domunant Pathway
— o T —————
Current
On Site Worker (Security N/A 8 x 105 | Pyrene Dermal contact with sorl
Speciahist)
Off Site Resident 1x 107 6 x 10* | Fluorene Ingestion of vegetables
Standard Future
Future On-Site Worker N/A 3x10° | 11 1 Tnchloroethane | Inhalation of volatiles
(Office) through foundation
Future On Site Worker N/A 1x10* | 111 Tnchloroethane | Inhalation of volatiles
(Construction) during excavation
On Site Ecological N/A 2x10° | Pyrene Dermal contact with so1l
Researcher
On Site Resident 2x 107 §x 10° | 11 1 Trchloroethane | Inhalation of volatiles
through foundation

Other Future
On Site Resident (Sitewide 2 x 10%! 9x10° Carbon Tetrachlonnde | Ingestion of groundwater
With Groundwater)
On-Site Resident 3x10* | 1x10*? | Carbon Tetrachlonde | Ingestion of groundwater
(Assuming Adequate
Groundwater At Source)
On Site Resident 3 x 10* 1 x 10*! | Carbon Tetrachloride ( Ingestion of groundwater
(Groundwater At Source
With Public Water)
On Site Resident (Without 7 x 10? 3x10° | Fluorene Ingestion of vegetables
Source/Without

Groundwater)
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1 5 2 Environmental Evaluation

As part of the overall BRA an environmental evaluation (EE) conducted to ascertain whether
contamination resulting from RFETS activities in OU 1 may have impacted or could adversely
mmpact ecological receptors m the vicimty where ecological receptors are operationally defined
as plants and ammals other than humans and domesticated species

COCs were selected for the EE based on a companison of maximum concentrations of OU 1
contaminants to benchmark values COCs identified 1in the EE include VOCs PAHs PCB
radionuchdes and selemum The EE evaluated the impact that these COCs had on the following

endpoints

Vegetative Community

Small Mammal Commumty
Mule Deer Population

Toxic Exposure to Top Predators

The results of the EE indicate that the concentrations of VOCs 1n groundwater and PAHs and
PCBs 1n soils are potentially toxic to ecological receptors however the restricted distnbution
of these contammants limits the duration and frequency of contact with receptors and therefore
himits exposures

153 Rusk Summary

As ndicated by the PHE portion of the BRA nsks to human receptors at OU 1 are pnmanly
associated with exposure to groundwater COCs  Although this medium 1s not available for
current residential use this scenario presents the highest and only, unacceptable nisk per the
NCP guideline of 10* to 10°* Environmental nisks currently have not been 1dentified by the
Phase III RFI/RI and therefore do not warrant further exammnation
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OU 1 nisks are a result of widespread contamnation found 1n low concentrations and n various
media throughout the site The Phase III RFI/RI results indicate that for the most part individual
IHSSs cannot be associated directly with any one contaminant group or area Table 1 5 lists the
primary contamnants present at each IHSS and summarizes how these contaminants will be
addressed in the CMS/FS

1 6 Intenm Measures/Intennm Remedial Actions

The IM/IRA that was completed for OU 1 consists of a french drain designed to collect
contaminated alluvial groundwater from the operable unit and to prevent further downgradient
migration of contammants The IM/IRA included a geotechnical investigation that was
performed 1n order to evaluate the site charactenstics along the proposed french drain alignment
(EG&G 1990) Construction of the french drain began 1n November 1991 and was completed
in Apnl 1992 The water treatment plant located in Building 891 1s part of the IM/IRA and will
be converted to sitewide uses Heremafter this plant 1s referred to as the Building 891 water
treatment plant

The french drain was constructed by excavating a trench approximately 1 435 feet 1n length
(DOE 1994a) The trench was keyed into bedrock matenal that exhibited a hydraulic
conductivity on the order of 1 x 10° cm/sec A permeable membrane was placed on the
upgradient side of the drain and an 1mpermeable polyvinyl chloridde membrane was placed on
the downgradient side of the drain A perforated pipe was placed along the drain to collect
groundwater, and the drain was backfilled with gravel and then soil Currently, groundwater
collected from the drain 1s fed into an ultraviolet and hydrogen peroxide (UV/H,0,) treatment
umt for treatment of organic compounds Inorganic contaminants are removed via a senes of

10n exchange columns

An additional removal action 1s planned for OU 1 to remove surface soil radionuclide hotspots
identified during the Phase III surface soil investgation The action 1s documented in a
Proposed Action Memorandum (PAM) and 1s intended to eliminate the plutonium and uramum
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Table 1-5
Summary of Primary IHSS Contaminants

102 Groundwater contaminated with PCE and Considered in Building 881 Area
TCE
103 Possible groundwater and subsurface soils Considered in Buiiding 881 Area
contaminated with low levels of PCE and
TCE
104 Potential toluene 1n subsurface and Not identified as & source no i
groundwater wide array of PAHs action required
1051 & Low levels of VOCs 1n groundwater PCE Considered in Building 881 Area
1052 detected below detection limit, potential although not 1dentified as a source
solvent contamunation n soils at north end
106 Groundwater contaminated with chlorinated | Considered in Building 881 Area
solvents potential solvent contamination in although not 1dentified as a source
soils at north end
107 Groundwater contaminated with chlorinated | Considered in Building 881 Area
solvents although not 1dentified as a source
1191 & Groundwater contaminated with chlorinated | Considered under IHSS 119 1 and
1192 solvents and selentum possible DNAPL Area East of 119 2
sources 1n subsurface radionuclide hotspots
130 Radionuclide-contaminated soil and asphalt | No nisk pathway for rads and
PAHs 1n subsurface soils PAHs n subsurface soils no
action required Not 1dentified as
a source of VOCs
145 Groundwater contamunated with chlorinated | Considered in Building 881 Area

solvents potential low level rad
contamination

although not identified as a source

% Radionuclide and PAH contamination in near surface soils is not identified in this table due 1o the widespread and consistent nature of the
contamunation, indicating & source outside of OU 1 and unrelsted to OU 1 disposal sctivities
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hotspots that are currently evaluated as part of the sitewide nsk This removal action 1s
scheduled to be completed prior to completion of the proposed plan for OU 1 For the purposes
of alternative development 1t will be assumed that the hotspots are not present This assumption
lowers the sitewide nisk from surface soil contaminants to 10° and below for all exposure

scenarios
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2 0 IDENTIFICATION AND SELECTION OF TECHNOLOGIES AND
REPRESENTATIVE PROCESS OPTIONS

This section summarizes the results of the identification screeming evaluation and selection of
technologies and representative process options used in the development of remedial action
alternatives for OU 1 Information on how these activities are conducted 1s included in the
CERCLA RI/FS guidance In general, the guidance 1dentifies the following steps for selecting
representative process options

¢ Develop media specific RAOs

e Develop media-specific GRAs

¢ Identify volumes and/or areas of the media which require GRAs

¢ Identify and screen technologies and process options applicable to each GRA

e  REvaluate process options within each technology type to select a representative option
for developmng remedial action alternatives

This section summanzes how these steps were apphed to OU 1 Ongmally two techmcal
memoranda were prepared to seek wnput from the regulatory agencies on RAOs prehminary
remediation goals (PRGs), and the alternative development process A final version of TM #10
and a draft final version of TM #11 were submitted to the agencies in April 1994 Comments
were received on both documents and were incorporated 1n this report where appropniate  The
technical memoranda will not be resubmitted but are available for review 1n the administrative

record

Elements from both techmcal memoranda are included n this section and mn Section 3 0
particularly where specific comments are being addressed However, the detailed calculations
mvolved 1n estimating PRGs and the screemng and evaluation of technologies and process
options are not included 1n tius report This information 1s presented in TMs #10 and #11 and
18 summarized mn this section and Section 3 0
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21 Contaminants of Concem

The Dist of contaminants onginally 1dentified in the Phase III RFI/RI 1s presented 1 Section 1 0
of this report Potential contamnants 1dentified early in the RFI/RI process were subjected to
a mult1 level screeming process that identified COCs for inclusion 1n the PHE and EE The
screening process shortened the list of potential contaminants to consider further as nisk
contributors the process 1s presented 1n detail in the Phase IIT RFI/RI report Contaminants that
survived the risk based screening process were designated as COCs 1n the BRA

The PHE and EE present the results of COC screenings that were performed to 1dentify potential
nsk contributors to human and ecological receptors respectively The COCs identified 1n the
EE were the following

carbon tetrachlonde
1 1 dichloroethene
tetrachloroethene

1 1 1 trichloroethane
trichloroethene
toluene

selemum

PAHs

PCBs

amencium
plutonium

uranium

Because these contamnants do not contribute a significant risk to ecological receptors and no
adverse impacts are currently identified 1n the EE they are not evaluated separately in this

report

However groundwater COCs 1dentified 1n the PHE are a potential concern at OU 1  Risks
associated with exposure to these COCs exceed 10 at IHSS 119 1 The following COCs were
identified for groundwater-
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carbon tetrachlonde
1 1 dichloroethene
tetrachloroethene

1 1 1 trichloroethane
selemmum

Surface soil COCs were also identified 1n the PHE including PAHs PCBs and radionuchdes

However radionuchde contaminants associated with windblown dispersion of OU 2 contaminants
(from the 903 Pad) are not addressed in this report The radionuchde contaminants consist
pnimanly of low concentrations of americium and plutomum spread across several operable
umts These radionuchides must be addressed as a whole through the medium and source where
they ongmnate Therefore, m order to develop appropniate remedial action alternatives the
admmustrative transfer of radionuchide contaminants to OU 2 1s currently 1n progress

In addition several radionuchide hotspots were identified in OU 1 as nisk contributors These
hotspots are currently scheduled for remediation under a removal action and are therefore not
considered for alternative development

PAHs and PCBs are the only COCs remammng for evaluation 1n surface soils Excluding
radionuchdes the highest nsk associated with PAHs and PCBs in OU 1 surface sols 1s on the
order of 10° Thus 1s simular to background nisks from PAHs n urban areas and 1s within the
acceptable nisk range specified i the NCP (10 to 10%) Because PAHs and PCBs 1n surface
soils do not present an unacceptable nsk and cannot be physically 1solated from the radionuchdes
in surface soils being addressed under OU 2 these contaminants are not included in the
development of remedial action alternatives

As discussed 1n Section 1 0, the BRA ndicates that no media other than groundwater and surface
soil result i a nsk greater than 10° nor do they result in adverse impacts to environmental
receptors In addition surface water and sediments evaluated in the BRA are being addressed
through OU 5 For these reasons no COCs are identified for any media except groundwater
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and surface soils Subsurface soil COCs are 1dentified as a possible source of groundwater
contamination and are addressed through the groundwater COCs RAOs and GRAs

22 Summary of Remedial Action Objectives

RAOs were developed using appropnate regulatory gmidelines 1 ¢ CERCLA RI/FS guidance
and the NCP) and by examiming the COCs 1dentified 1n Section 2 1 and their associated exposure
pathways Bnefly the RAOs for OU 1 are the following

1) Prevent the mhalation of ingestion of, and/or dermal contact with VOCs and morganic
contaminants 1 groundwater that would result in a total excess cancer nisk greater than
10 to 10 for carcinogens and/or a hazard index greater than or equal to one for non
carcinogens

2) Mmmze further degradation of groundwater beneath OU 1 by eliminating and/or
contaimng residual subsurface soil DNAPLs to the maxamum extent practicable

3) Prevent the mnhalation of ingestion of and/or dermal contact with PAHs PCBs, and
radionuchdes 1n surface soils that would result 1n a total excess cancer nisk greater than
10* to 10 for carcinogens and/or a hazard index greater than or equal to one for non
carcinogens

4) Prevent exposure to carcinogenic radionuchdes in surface soil hotspots that would
result 1n an excessive short term nisk to a human receptor

These RAOs are used to determine what area or areas of OU 1 require remedial action
evaluation and are quantified through the use of PRGs The third and fourth RAOs listed above
are already being addressed through the OU 1 surface soil hotspot removal action This action
along with the admimstrative transfer of other radionuchdes 1n surface soils to OU 2 wall result
1n a residual nisk level within the acceptable nsk range of 10* to 10°  Therefore the focus of
thus report 1s on meeting the first and second RAO which are concerned with groundwater
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PRGs are generally 1dentified through use of readily available information such as chemical
specific ARARs or other rehiable information (EPA 1990a) Where ARARs or to-be
considered (TBC) cniteria are not available PRGs are developed on the basis of a 10° point of
departure nisk for each chemical within a given medwum Ths also apphies when ARARs are
not considered sufficiently protective because of the presence of muitiple contaminants or
multiple pathways of exposure Note that PRGs developed at this stage are considered mtial
goals which may be revised through the course of the CMS/FS The following sections present
the sources of information used for identifying appropniate PRGs for OU 1 both chemical
specific ARARs and nsk-based cleanup goals Existing potential OU 1 chemical specific
ARARSs are currently the basis for alternative development

CERCLA Section 121(d)(2) provides a statutory basis for determining ARARs 1n a remedial
action context concerning hazardous substances, pollutants, or contaminants that will remain on
site

If any standard requirement criteria or hmitation under any federal environmental law

or any [more strningent] promulgated standard requirement crteria or hmitation under a
state environmental or faciity siting law 15 legally apphicable to the hazardous
substance concerned or 1s relevant and appropnate under the circumstances of the release
or threatened release of such hazardous substance pollutant or contaminant the remedial
action shall require at the completion of the remedial action a level or standard of control
for such hazardous substance pollutant or contammnant which at least attains such legally
applicable or relevant and appropnate standard requirement cnternia or hmitation [42
Umnited States Code (USC) ----§ 9621(d)(2) ]

where applicable requirements” are those

cleanup standards standards of control or other substantive environmental
protection requirements criteria or lhmitations promulgated under federal
environmental or state environmental or facility siting laws that specifically address a
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hazardous substance pollutant contammant remedial action location or other
circumstance found at a CERCLA site Only those state standards that are 1dentified
by a state in a timely manner and that are more stringent than federal requirements
may be apphcable

According to the NCP and the CERCLA Compliance with Other Laws Manual (EPA 1988b)

Relevant and appropniate requirements are those cleanup standards standards of
control, and other substantive requirements critenia, or hmitations promulgated under
federal environmental or state environmental or facility siting laws that while not
apphicable to a hazardous substance pollutant contammnant remedial action location
or other circumstance at a CERCLA site address problems or situations sufficiently
simular to those encountered at the CERCLA site so that their use 1s well suited to the
particular site  Only those state standards that are identified 1n a timely manner and
are more stringent than federal requirements may be relevant and appropnate

Chemucal specific ARARs were 1dentified in accordance with CERCLA guidance and the
requirements of the NCP [see 40 Code of Federal Regulations (CFR) Part 300 Subsection
430(e)(2)(1)] Chemcal specific requirements under a variety of Federal and state laws were
reviewed to 1dentify potential groundwater and surface soil chemical specific ARARs

Current Groundwater Classification

The Colorado Water Quality Control Commussion (CWQCC) designated the Quaternary and
Rocky Flats Aquifers beneath the RFETS as domestic use quality agncultural use quality and
surface water protection according to 3 12 7 of 5 Colorado Code of Regulations (CCR) 1002 8
Subsection 3 12 7 The intent of these classifications 1s to protect specified groundwater from
uncontrolied degradation and thereby protect exasting and future uses of groundwater (5 CCR
1002 8 Subsection 3 11 9) Furthermore groundwater 1s classified domestic use or agricultural
use quality if

the groundwater 1s either used or reasonably hikely to be used for domestic or agnicultural
purposes within the specified area or

the most recent State Engmneer s well records or applicable court decrees reveal that
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groundwater 1s permitted or decreed for such uses within the specified area (5 CCR 1002
8 Subsection 3 11 4)

The Phase III RFI/RI report does not support the CWQCC conclusion that there 1s groundwater
beneath OU 1 which could be used as a drinking water supply Included in the Phase III RFI/RI
report are water production capability sumulations and well production tests which conclude that
neither the Rocky Flats Alluvium nor the Arapahoe Aquifers beneath OU 1 1s capable of
producing sufficient water for even domestic purposes In addition a letter from the Office of
the Colorade State Engineer confirms that the conclusion that neither aquifer (refernng to
the Rocky Flats Alluvium and the Arapahoe Aquifer) is a potential source for domestic water
supplies 1n the 881 Hullside area 1s valid when considening future land use  (see Appendix F)
The Colorado State Engineer s letter dated March 12 1992 1s in reference to the water
production capability simulations and well production tests that were included in the Phase I

RFI/RI report (see Appendix F)

DOE may petition the CWQCC when appropnate to consider changing the water quality
classification beneath OU 1 Documentation of potential water use and quality of water in the
Quaternary and Rocky Flats Aquifers beneath the site wall be presented to the Commussion for
reconsideration of the current use classifications

Potential Groundwater ARARs

The groundwater beneath the RFETS 1s currently classified for domestic use quality TM #10
histed Federal maximum contaminant levels (MCLs) as the chemical specific ARARs for OU 1
CDPHE commented on TM #10 that the State s MCL standards should be ARARs The State
implements the Federal Safe Drinking Water Act (SDWA) through its drinking water program
therefore state dnnking water standards are presented 1n Table 2 1 as potential chemical specific
ARARs for OU 1 The Superfund Amendments and Reauthorization Act (SARA) and the NCP
rules require classification of non zero maximum contaminant level goals (MCLGs) as potential
chemical specific ARARs Federal non zero MCLGs for OU 1 contaminants are the same as
the State MCLs listed 1n Table 2 1
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Table 2-1

Potential Groundwater Chemical Specific ARARs

State Drinking Water Standards*

(ug/0)

,
Volatile Organic Compounds

Carbon Tetrachloride 5
Chioroform (total trihalomethanes) <100
1 1 Dichloroethane N/A
1 2 Dichloroethane 5
1 1 Dichloroethene 7
1 2 Dachioroethene N/A
cis 1 2 Dichloroethene 70
Tetrachloroethene 5
Toluene 1 000
Total Xylenes 10 000
1 1 1 Trichloroethane 200
1 1 2 Trichloroethane 5
Trichloroethene 5

Metals |
Selenium 50 "
Vanadium N/A

Y From CRS 25-] 107 25-1 108 25-1 109 and 25-1 114
All contamnants onginally identified by the Phase IIl RFI/RI are Listed
¢ Federal MCLs are numencally equivalent to these State MCLs
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State groundwater standards are 1dentified in Table 2 2 and are TBCs for OU 1 The standards
were evaluated aganst the defimtion of ARARs 1n the NCP (40 CFR 300 5) The state
groundwater standards are not assessed ARARs because the classifications requiring those
standards have not been applied consistently throughout the state and thus fail the NCP critena
of general applicability 1n 40 CFR 300 400(g)(4)

Potential Surface Soil ARARS

Soil chemical specific ARARS requirements under State and Federal laws do not exist for the
contaminants 1dentified n QU 1 (1 e there are no established protective levels for surface soil
contamination based on risks to human health and/or the environment) with the exception of
PCBs under Toxic Substances Control Act (TSCA) However TSCA requirements for pre-1987
cleanups are determined on a case by case basis depending on the potential for contamination

Splls after 1987 define clean soil as contamng less than 1 mg/kg PCBs (40 CFR 761 120 and
761 125) The concentrations of PCBs found in OU 1 are below this concentration except 1n
one mstance which 1s at a 1 2 mg/kg concentration Therefore 1t was considered to be within

an acceptable range of determumng a cleanup level Accordingly no chemical specific ARARs
are 1dentified for this medium

In TM #10 both groundwater and surface soil PRGs were esumated for OU 1 Other media
mvolving surface water and sediments were not considered for PRG development as part of the
OU 1 CMS/FS since they as well as subsurface soils do not present a direct nisk greater than
10 nor a hazard index greater than one and therefore do not warrant nsk based PRGs

Groundwater and surface soil PRGs were esumated ;n TM #10 for the following exposure

scenarios

Future On Site Resident
e  Commercial/Industrial Workers
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Table 2 2

Statewide and Basin-Specific Groundwater Standards®

All contaminants ongnally identified by the Phase III RFI/RI are listed
. CDPHE/Water Quality Control Commussion Basic Standards for Groundwater 3 11 0 effective 3/30/94

b CDPHE/Water Quality Control Commussion Classification and Water Quality Standards for Groundwater 3 12 0

effective 1/31/94

° Listed as drinking water MCL 1n state groundwater standards Table A

e Agnicultural standard
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Measured as a dissolved concentration
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210

%, vt MMM

(ng/t)
Chemucal’ o QPuar::tt.::Ion
| Volatile Orgamc Compounds
Carbon Tetrachloride If 03 10
Chloroform II 6/0 19° 10
1 1 Dichloroethane ﬂ - -
1 2 Dichloroethane 04 10
1 1 Dachloroethene 7 10
1 2 Dichloroethene - -
cis 1 2 Dichloroethene 70¢ 10
Tetrachloroethene 5/0 8b® 10
Toluene } 1 000 10
Total Xylenes 10 000° 1
1 1 1 Trichloroethane | 200 10
1 1 2 Trichloroethane 3/0 6 10
| Trichloroethene 5 10
Metals
Selenium 109/20° -
Vanadium 100* -
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The ecological reserve scenario was not used for estimating PRGs because the scenario does
not apply to groundwater and 1s identical to the commercial/industrial scenario 1n terms of
exposures for surface soils Tables 2 3 and 2 4 present the nisk based PRGs estumated for
groundwater and surface soils respectively (for the COCs 1dentified in the BRA) Table 2 §
compares the groundwater PRGs 1dentified using chemical specific and nsk based PRGs For
the purposes of OU 1 state MCLs are currently used to evaluate remedial action Rusk based
PRGs are presented for information only In addition the geometric mean concentrations are
presented for both sitewide and IHSS 119 1 only

In addition to establishing PRGs that comply with ARARs and protect human health and the
environment DOE plans to reduce exposures and the nisk associated with residual contamination
during remedial actions at OU 1 to levels that are as low as reasonably achievable (ALARA)
considening appropnate technical economic and social constraints In applymng the ALARA
process at OU 1 PRGs are combined with techmcal and economic considerations to identify the
levels of nsk reduction that might reasonably be achieved These criteria are only applicable
to surface soils which may be disturbed during 1mplementation of remediation activitzes at OU 1

The ALARA process includes both planming and field components The discussions presented
m this section are consistent with the planming component of ALARA 1 which PRGs are
estimated for residual contamination based on hypothetical exposures This imtial analysis will
be used to support implementation of ALARA 1n the field where based on specific field
conditions additional contamination might be reduced to below levels determined 1n the planning
phase

As a general standard for radiological exposures DOE also requires comphiance with all Federal
requirements for hmiting doses from specific exposure modes DOE Order 5400 5 establishes
standards for nonspecific radiological exposures These standards require that the effective dose
equivalent (EDE) to a member of the public not exceed 100 mrem/year above background from
all non-occupational exposure routes and that these exposures be reduced to ALARA levels
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Table2 3
Groundwater
Risk-Based Preliminary Remediation Goals

(ng/0)

M
Preliminary Remediation Goal
by Scenario®
Chemmcal Commercaial/
Future On-Site Industnial
Restdent Worker
|
ll Volatile Orgame Compounds
Carbon Tetrachloride F 0 658 138
1 1 Dichloroethene 0 150 199
Tetrachloroethene 185 683
1 1 1 Trichloroethane 3120 293 684
i
Selemum 183 N/A
* The ecological reserve researcher scenano does not apply to thus medum
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Table 2-4

Surface Soils
Rusk-Based Preliminary Remediation Goals
(mg/kg)
Preliminary Remediation Goal
by Scenario®
. uws onsae | ol
Worker
Polynuclear Aromatic Hydrocarbons |
Acenapthene ﬂ 326 2 658
Benzo(a)anthracene { 0168 1378
Benzo(a)pyrene 0 156 0137
Benzo(b)fluoranthene u 0307 0070
Benzo(k)fluoranthene 198 133
Dibenzo(a h)anthracene ﬁ 0017 0134
Fluoranthene 1010 1771
Fluorene 251 1745
Pyrene 634 1342
Polychlorinated Biphenyls
AROCLOR 1254 ﬂ 0050 0125
Radionuclides®

Americium 241 180 412
Uramum 233 234 434 6 81

§ Uramum 238 229 355
Plutomum 239 240 125 368

* The ecological reserve resoarcher scenano results in the same PRGs as the commercial/industrial worker scenario
b Radionuchides are reported 1n pCr/g
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Table 2 §

Companson of Risk-Based PRGs, ARARs, TBCs, and Existing Concentrations

(ng/t)
| IHss1191 | Rusk State

Concentration Concentration Based State Groundwater

(grand mean)® | (grand mesan)* | PRG® | MCL* Standard
Carbon Tetrachloride 8120 360 6 0 658 5 03 5 10
Chiorform . AR S s 6 fUdaE 1 <0 Lo soasy ! fﬂ,! 10
hoit S o
¥ bDidslorootins. 120 00000y P s < 3 -
T R " s
3 Dnchlorutbene; |7 2Ny NELEE N : *-sé,%ti’ Lo o] 8 10
1 1 Dichloroethene 28323 1270 0 150 7 7 5 10
raDidbaootoms” 3 100 MR G0 le Y, oF BB, e o | F 10
gt il o L G Rl R ARSI W I ] 10
Tetrachloroethene 103 48 459 5 185 5 5/08 10 10
Tolvens, o 8l ikt g Posem 1y Wy, | ¥ | 10
" o ” ™ e
Totsl Kyleopw.« 7 Sxffd” b J0000.4 . cJotodty | 8 x "
1 1 1 Trnichloroethane 363 29 16301 3 120 200 200 5 10 "
SRy e £ A e ¥
M&m@& ; . @;}3’" %ﬁiﬁ S, &@W& aFs K~ 18
. 3 & A
Tewhlovoshens . 2is L R ¥ g GO N B 16
) N EES & WM N T Y PR
E AL Tl it A V
Selemum 283 4 503 2 183 50 10420° s - ﬂ
- - 28 g3 52 3 o B
Vaoudinm 2 %%£i¢ I sﬂggwgg% M%’% ‘%%g?g %3*;” %‘ﬂ z —-
'\4 :ﬁ%" P i ﬁ:ﬁbw 3 *gg,ﬁ 2,
o0 & B L i 5 57 s %<mf$ﬁ;%%? N 7
Kaphitwiens: W > R O Tl e 0 -
% iy % el s K g ’
1 Shaded contammants were not desigasted as COCs by the BRA portion of the Phase Il RFV/RI
2 From Phase 1T sampling results 10 Sectson 4 Final Phase I RFI/RI Report, June 1994
3 Based ca the Future On-Sste residential scenanc
4 From CRS 25-1 107 25-1 108 25-1 109 and 25-1 114
s Practical Quantitation Lamsts (PQLs) are reponted for both the RFETS and the CDPHE.
CDPHE/Water Quality Control Commussion, Basc Stsndards for Groundwatsr 3 11 0 effoctive 3/30/94
b Lusted as drmking water MCL m State groundwater standards Table A
CDPHE/Water Qualtty Control Commussion Classification and Water Qualsty Standards for Grovadwater 3 12 0
ffective 1/31/94
d Measured ss a dissolved concentration
Agncultural standard.
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Both ALARA and DOE Order 5400 5 requirements are appropnate for handhing surface souls
in OU 1 and will be addressed further under OU 2 remedial actions

2 4 General Response Actions

GRAs are general waste management strategies that are designed to satisfy remedial action
objecives Examples of GRAs include treatment containment excavation and extraction
GRAs are medium specific and therefore a hist of GRAs will be developed for each medium of
concern For OU 1, GRAs were only identified for the groundwater medium Because
subsurface soils are a potential continual source of groundwater contamination they are included
1n discussions mvolving groundwater GRAs and remedial action alternatives

241 Surface Soil General Response Actions

As mdicated 1n the Phase Il RFI/RI report and summarized 1n Section 1 0 of this report surface
soil PAHs PCBs and radionuchides will result 1n an acceptable risk of 10* to 10° when the
hotspots are removed Because the hotspots will be removed before implementation of any
remedial actions and because surface soil radionuchdes will be addressed specifically under OU

2, the surface soil medium has been eliminated from further consideration 1n this report

2 42 Groundwater General Response Actions

The GRAs 1dentified for the OU 1 groundwater medium are no action institutional controls
containment removal 1n situ treatment of chlonnated solvents, ex situ treatment of chlorinated
solvents 1n situ treatment of inorgamics and ex situ treatment of morganics These GRAs target
the contaminant groups discussed 1n the RAO for groundwater A brnef description of each GRA
1s provided below

® No Acnon Required by CERCLA as a benchmark for companson aganst other
remedial action alternatives This imphes that no direct action will be taken to alter
the existing situation other than short and long term momtonng of site conditions
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® Insntunonal Controls - Refers to controls based on legal and/or management policies
which minimize the public s exposure to potential contaminants Examples inciude
controlling site access restricting land use and restricting access to groundwater

e  Containment For groundwater containment would consist of actions which mmmmize
the flux of vapor phase VOCs to the surface and/or mmmumize the muigration of
groundwater contaminants across site boundanes

® Removal For OU1 removal implhes extraction of contaminated groundwater for
treatment 1n the existing Building 891 water treatment system or other facithties Ths
also includes the excavation of souls to locate potential subsurface soil DNAPL zones
and to extract contaminated groundwater

®  In Situ Trearment of Chlorinated Solvents 1In general 1n situ treatment technologies
seek to treat contaminants 1n place without extraction or removal of large volumes of
groundwater or soil Treatment would seek to remove destroy and/or immobilize
contaminants through biological chemical or physical means Ths category includes
extraction technologies such as soil vapor extraction and mn situ heating and includes
aboveground treatment of off gas and address as both groundwater and subsurface soil
contamination

®  Ex Situ Treatment of Chlonnated Solvents This GRA 1s similar to 1n situ treatment
except that contammants would be extracted/removed before treatment Treated
groundwater would be discharged through existing channels (1 ¢ the existing Building
891 water treatment system)

e In Suu Trearment of Inorgamics This GRA 1s similar to the 1n situ treatment of
chlornated solvents In this case treatment would seek to immobilize contaminants
through chemical or physical means

e Ex Situ Treatment of Inorgamics This GRA 18 similar to imn situ treatment of
morgamcs In this case treatment would seek to extract and/or immobihize
contaminants through chemical or physical means Treated groundwater would be
discharged through existing channels (1 ¢ the exasing Building 891 water treatment
system)

243 Yolume and Area Estimates

Based on the results of the OU 1 Phase Il RFI/RI report and the BRA 1n particular
contaminated groundwater n OU 1 was found to contribute a significantly hugher risk to those
receptors exposed to groundwater beneath a specific portion of IHSS 119 1 than to receptors

exposed to groundwater beneath other locations in OU 1 IHSS 119 1 was designated a source
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location 1n the PHE for this reason  Other areas of the operable unit contain groundwater
contaminant concentrations above detection mits however the concentrations are greatest at
this THSS

The quantity of groundwater requining remedial action in the IHSS 119 1 source area cannot be
calculated directly because of seasonal vanations in the water table Instead a lower bound was
estumated using computer codes that compared the bedrock topography beneath the IHSS to the
water level data from wells located in this area The wells used to 1dentify and delineate this
area were 0487 0974 1074 4387 32591 and 37991

The Phase Il RFI/RI report contains several saturated thickness maps for OU 1 duning a typical
dry period These maps were used to estimate the volume of contaminated groundwater in the
source location when groundwater levels were at their lowest Using an average porosity of
0 10 (DOE 1994a) the volume of groundwater estimated to be present in the southwest corner
of THSS 119 1 durning the dry season 1s 80 000 gallons This volume represents a single pore
volume although more than one pore volume would likely have to be removed to achieve
RAOs

In addition the Phase III RFI/RI report estumated that the volume of available groundwater in
OU 1 1s between 50 and 5 8 acrefeet (1 6 and 1 9 milhon gallons) The volume of
groundwater estimated to be beneath IHSS 119 1 and the volume of groundwater beneath OU 1
are used to estimate remediation requirements however because groundwater elevations in
OU 1 are ughly dependent on seasonal variations 1n precipitation these values are engineenng
estimates only

To address the potential residual DNAPL sources assumed to be present m IHSS 119 1
subsurface soils a volume calculation was conducted for this medium at IHSS 1191 The
amount of soil requinng remediation was estimated by visually mspecting the potential source
areas described in the Phase IIl RFI/RI report and presented 1 Figure 1 3 of this report and
by assuming that subsurface soil remediation activities would attempt to remediate saturated zone
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soils to a depth of five feet mnto bedrock Figure 2 1 depicts the potential soil excavation area
identified for IHSS 1191 The amount of contaminated subsurface soils cannot be calculated
due to the hmited data available for this medum This liimited data 1s typical of sites
contaminated with residual DNAPLs The excavation area however 1s estimated to contain
approximately 20 000 cubic yards of soil

25 Ide

Appendix A contains the tables and figures onginally presented in TM #11 for the 1dentification
and screeming of technologies and process options This section summarnizes the technologies
and process options that were 1dentified for remediation of OU 1 and also descnbes options that
were maintamed for further evaluation Note that a process option chosen to develop an
altenative 1s considered a representative process option only The alternative might not be
implemented with the specific process option The selected process option represents a class of
options that might be implemented

The technologies and process options onginally examined for use at OU 1 include the following

No Action

e  Monitoring
— Groundwater monitoring

Institutional Controls

e  Access restrictions
— Legal restrictions on well placement
— Legal restnictions on land use

Containment

e  Vertical subsurface flow control
—  Subsurface drains
— Grout curtains
—  Slurry walls
—  Sheet pilings
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— Cryogenic barner

e  Honzontal subsurface flow control
— Grout mjection
— Block displacement

e  Vapor containment
—  Surface cap
— Environmental 1solation enclosure

Removal

e  Passive removal
—  Subsurface drains

* Active removal
— Honzontal and/or vertical extraction wells or sumps

¢  Excavation
— Loader/excavator/dozer

In—situ Treatment of Chlonnated Solvents

¢ Biological
— Bioremediation

e  Chemaical
— Polymenzation
—~ Chemucal oxidation

e  Physical
— Hot air/steam stripping with mechanical mixing
—  Aur sparging
—  So1l vapor extraction
— Permeable treatment beds
— In situ adsorption with wells (proprietary process)
— Radio frequency/ohmic heating

Ex situ Treatment of Chlorinated Solvents

e  Biological
— Bioremediation

e  Chemical
—  Solvent extraction
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— Ultraviolet photolysis with chemical oxidation

e  Physical
— Gamma wrradiation
— Activated carbon or carbonaceous adsorbents
— Arr stnpping
— Membrane processes
— Hot air/steam stripping
— Evaporation
— Freeze crystallization

¢ Thermal
— Incineration
— Plasma arc discharge
— Catalytic oxidation

In situ Treatment of Inorganics

e  Physical
— Electrokinesis

Ex situ Treatment of Inorgamcs

e  Physical

— TRU clear (propnietary process)
— Oxidation/reduction

— Fernte process
— Magnetic separation

¢  Chemical
— Freeze crystallization
— Ion exchange

— Evaporation

— Membrane processes
— Electrocoagulation
— Precipitation

As described n TM #11 these technologies and process options were systematically screened
to reduce the number to a smaller and more representative number appropnate for the
preparation of remedial alternatives The screemmng was accomplished by examimng the
techmical implementability of each technology and/or process option at OU 1 (see Appendix A)
Technologies and/or process options that were maintained for further evaluation are histed below
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No Action

e  Monitoning
— Groundwater momtoring

Institutional Controls

e  Access restrictions
— Legal restrictions on well placement
— Legal restrictions on land use

Containment

e Vertical subsurface flow control
—  Subsurface drains

®  Vapor containment
—  Surface cap
— Environmental 1solation enclosure

Removal

e  Passive removal
—  Subsurface dramns

e Active removal
— Honzontal and/or vertical extraction wells or sumps

e  Excavation
— Loader/excavator/dozer

In situ Treatment of Chlornnated Solvents

¢ Biological
— Bioremediation

e  Physical
— Hot air/steam stripping with mechamcal mixing
— Air sparging
— Soil vapor extraction
— Radio frequency/ohmic heating

Ex situ Treatment of Chlonnated Solvents

e Biological
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— Bioremediation

*  Chemical
— Ultraviolet photolysis with chemical oxidation

e  Physical
— Activated carbon or carbonaceous adsorbents
~— Arr strnipping
— Hot aur/steam stripping

¢  Thermal
~— Plasma arc discharge
~— Catalytic oxidation

In situ Treatment of Inorgamcs

*  Physical
— Electrokinesis

Ex situ Treatment of Inorgamics

¢  Physical
— TRU clear (proprietary process)
—  Oxidation/reduction

— Fernte process

e Chemcal
— Ion exchange
— Membrane processes

— Electrocoagulation

Technologies and process options determined to be implementable and applicable for remediation
of OU 1 were subjected to a more detailed evaluation to determine which process options should
be used to develop alternatives The evaluation was performed by comparing the ability of each
process option to satisfy the given critenia under the same technology type and GRA The
cntena used to evaluate process options were effectiveness, implementability and cost (see
Appendix A) Any process option that survived the 1mtial screeming could be mncorporated into
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an established remedial action alternative in the future

Based on the evaluation of process options the following technologies and process options were
selected for alternative development

No Action

¢ Momtoring
— Groundwater monitoring

Institutional Controls

®  Access restrictions
—  Legal restnictions on well placement
— Legal restrictions on land use

Containment

e Vertical subsurface flow control
— Subsurface drains

¢  Vapor Containment
—  Surface cap
— Environmental 1solation enclosure

Removal

e  Passive removal
—  Subsurface dramns

®  Active removal
— Honzontal and/or vertical extraction wells or sumps

¢  Excavation
— Loader/excavator/dozer

In situ Treatment of Chionnated Solvents

e  Physical
— Hot air/steam stnipping with mechanical mang
— Soil vapor extraction
— Radio Frequency/ohmic heating
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Ex situ Treatment of Chlorinated Solvents

e Chemical
— Ultraviolet photolysis with chemical oxidation

Ex situ Treatment of Inorgamics

e  Chemical
— Ion exchange

The evaluation of process options to treat extracted groundwater favored the selection of the
exising Building 891 water treatment system Since the system has been proven to effectively
treat the COCs present 1n OU 1 groundwater at their current concentrations and the capital costs
have already been incurred for designing and constructing thus system this process option 1s the
most favorable for aboveground treatment of groundwater If necessary the system may also
be used for other operable umts with minor modifications

In addition the limited availabihity of groundwater and the complex nature of the bedrock system
beneath OU 1 favored treatment by process options that would extract residual sources (e g
DNAPL zones) to the greatest extent possible while mimmizing the potential for forcing
contaminants further into the bedrock system Therefore process options that required the
mjection of additional fluids nto the subsurface (e g bioremediation and soil flushing), were
not favorable Standard and thermally-enhanced vapor extraction process options were selected
for alternative development and will be used 1n conjunction with limited groundwater pumping
to remove contaminated groundwater and potential residual DNAPLs from OU 1 subsurface
soils

Other options ongnally retamned for alternative development included excavation and capping

and were retamned to provide conceptual varnety to the alternatives presented for remediation of
OU 1 Excavation could be used to remove subsurface soils to locate pools of contaminated
groundwater and to ensure that any residual DNAPL zones are removed Capping on the other
hand would attempt to hmit the mobility of vapor phase contaminants thereby mimmizing the
risk from one of the pnmary nsk pathways, nhalation of groundwater volatiles These options

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 225



are further described 1n the discussion of alternatives in Section 3 0

Process options were also retaned that would result 1n the assembly of hmited or mummal action
alternatives and include groundwater momtoring use of the existing french dramn system and
institutional controls These options are also discussed further in Section 3 0

Although 1t 1s currently undergoing treatabihity stucies at RFETS bioremediation was not
mncluded 1n the development of remedial action alternatives for the following reasons

e The effectiveness of bioremediation at OU 1 1s hmted by the nature of the
contaminants 1dentified  Although laboratory studies have shown up to 90 percent
reduction of TCA and TCE concentrations under 1deal conditions researchers are
skeptical as to the full scale applicability of bioremediation under field conditions
stating that implementation of biodegradation of chlornated hydrocarbons in field
situations may be limited by the toxicity of high concentrations of these compounds to
microorgamsms and by the slow rate of degradation possible (Baker et al 1994)

e PCE, a major OU 1 contaminant 1s a lughly refractory compound (resistant to decay)
for which there 1s no established ficld method for degradation at rates which make
treatment practical

e Bioremediation 1s not effecive in treating morgamics such as selemum  An
aboveground treatment system could be used to remove selemum from extracted
groundwater however this would most hikely hmit the effectiveness of remnjection
systems that recycle nutnients or non indigenous bactena

e Site conditions at OU1 particularly flud circulation, hmit the technical
implementability of bioremediation at OU 1 The Phase III RFI/RI demonstrates the
lack of a consistent, defined water source beneath IHSS 119 1 Well and borehole data
in the area have indicated varying water table levels and depths of saturated zones
Implementation of bioremediation at OU 1 would require ijection of large volumes
of water to provide nutnients and/or non indigenous bactena to treatment zones This
might mobihize and spread contamination and accelerate slumping at OU 1
Expernience with installation of the french drain system has indicated that slumping 1s
a serious concern for unsaturated conditions, and would be more senious for the highly
saturated conditions that would be required to implement bioremediation
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27 Exstng IM/IRA Treatment System

The exasting Building 891 water treatment system (UV/H,0, and 10n exchange) will be essential
for proposed remedial action alternatives for OU 1 and other operable umts that require
aboveground groundwater treatment The system constitutes a comprehensive process treatment
train for treating water contaminated with orgamic and inorgamc (including radionuchde)
contaminants (see Figure 2 2) The system consists of a collection and pumping system to
supply the treatment facility an influent storage and transfer system separate treatment systems
for organic and morganics contaminants, and an effluent storage and discharge system The
system 1s designed for a 30 gpm flow rate capacity and has equahization tanks to normahze
treatment rates

The french drain collection and pumping system includes the recovery well pump located in
THSS 119 1 two french drain sump pumps and the Building 891 sump pumps which may be
discontinued under a proposed modification These pumps are normally controlied by level
switches 1n the well or sump that determune whether the pumps operate The collection system
connects to the influent transfer system, which includes two 1nfluent equalization tanks and two
influent transfer pumps The influent transfer pumps supply water from the influent equalization
tanks to a UV/H,0, treatment unit at a constant rate The UV/H,0, umt 1s designed to destroy
organic contaminants in the influent stream

Treatment efficiency depends on flow rate (residence time), H,O, concentraton and UV
wavelength intensity The system has a design throughput of 30 gpm or 14 400 gallons per day
(gpd) with an 8-hour operating shaft It uses 50 mg/f of H,0,, with sixteen 15-kW UV lamps
providing an equivalent power of 240 kW for breaking down organics
\

When the water leaves the UV/H,0; system i1t enters the 1on exchange system, which consists
of the 1on exchange surge tank four columns contaimng beds of 10on exchange resins and a
degassing tower The 10n exchange system processes the water mn the following sequence
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1 The water enters the 10n exchange surge tank and 18 pumped at a constant rate into the
first 1on exchange column This column contains 28 cubic feet of Ionac A 440 a
strong base amon resin for removing uramum

2  The water then flows directly to the second column which contains 32 cubic feet of
Ionac CC a weak acid cation resin for removing heavy metals

3  The water then enters the degassing tower to allow carbon dioxude and other gases
produced during the UV/H,0, process to escape Excessive gas content 1 the 1on
exchange columns could cause short circuiting of the resins thereby reducing the
efficiency of the system

4 The water 1s then pumped to the third 10n exchange column which contains 56 cubic
feet of Ionac C 240H a strong acid resin for removing hardness and metals

5 The water then enters the fourth and final column which contains 56 cubic feet of
Ionac AFP 329 a weak base amion resin, for removing amions

6 The water which 1s now treated, 1s stored in one of three effluent storage tanks and
discharged by gravity feed

In terms of proposed remedial action alternatives the system can handle most contaminants
1dentified 1n OU 1 groundwater at their current concentrations and the proposed treatment rates
If unusually high concentrations of specific contaminants are encountered the system may
require modification to maintain effluent requirements If other operable umts require the use
of this system the system may require modifications to remove contammants if therr
concentrations differ sigmficantly from OU 1
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3 0 DEVELOPMENT AND SCREENING OF REMEDIAL ACTION ALTERNATIVES

This section presents the alternatives that were assembled for remediating the groundwater
medium at OU 1 These alternatives were assembled using the technologies 1dentified both 1n
Section 2 0 and evaluated in detail in TM #11 Appendix A summanzes the evaluation of
technologies and process options TM #11 also contains the screeming of remedial action
alternatives the results of which led to the alternatives presented 1n this section Note that the
alternatives presented heremn differ shightly from those discussed :n TM #11 Alterations were
made where necessary in response to agency comments However the conceptual approaches
ongnally proposed are stull maintained n this document In general most of the matenal
presented :n TM #11 1s presented herein  The only alternative screened from further
consideration in TM #11 involved capping of the site Capping would require institutional
controls to maintain the wntegnty of the cap, but would not provide any additional protection
beyond the controls themselves

An ntegral component of most of the alternatives preseated in this section mnvolves utihzing the
existing Building 891 water treatment system This system may also be used for treating
contamnated water from other areas of the RFETS If required, the system could be modified
to treat lgher concentrations of specific contaminants however currently the system 1s capable
of treating the COCs 1dentified at OU-1 at their current concentrations Decommussioming of
the french drain may be approprniate once remedial actions are completed This subject 18
discussed further under each alternative

Remedial action alternatives were developed by combining process options which were selected
as being representative options based on the results of the evaluation of process options and
technologies Process options were combined 1n such a way as to permat alternatives to be
developed that would range from treatment alternatives that ehminate or mmmmize the need for
long term management to hmited or no action alternattives Thus range of alternatives mcludes
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containment options that involve little or no treatment but achieve RAOs by preventing exposures
or by reducing the mobility of contaminants The no action alternative was developed to provide
a basehine alternative against which other alternatives could be compared In all cases the
alternatives were developed with the goal of achieving the groundwater RAO presented 1n
Section 2 0 by combimng appropniate GRAs to form site-specific remediation strategies

The alternatives that were developed for remediation of OU 1 are the following

Alternative 0 No Action

Alternative 1 Institutional Controls without the French Drain

Altemative 2 Institutional Controls with the French Drain

Alternative 3 Modified French Drain with Additional Extraction Wells
Alternative 4 Groundwater Pumping and Soil Vapor Extraction

Alternative S Groundwater Pumping and SVE with Thermal Enhancement
Alternative 6 Hot Air Injection with Mechamical Mung

Alternative 7 Soil Excavation and Groundwater Removal with Sump Pumps
Alternative 8 Capping with Institutional Controls

Table 3 1 depicts a summary of the development of remedial action alternatives The table
presents the GRAs and process options that were combined to form the various alternatives
After developing alternatives for remediation of OU-1 the alternatives were screened on the
basis of effectiveness implementability, and cost as described in TM #11 Alternatives that
were dropped from further consideration are also indicated in Table 3 1 by shaded areas

3 2 Groundwater Remedial Action Alternatives

Groundwater remedial action alternatives were developed that could potentially achieve the
RAOs descnibed 1n Section 2 0  The pnmary nisk pathways that determined which GRAs would
be used to develop alternatives were based on the OU 1 BRA, whuch indicated that ingestion of
groundwater and mhalation of vapors nising up through unsaturated soils were the largest
concerns The following groundwater alternatives were designed to achieve RAOs by removing
and destroying the contaminants in groundwater by restricting access to wells
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positioned within the boundanes of OU 1 and/or by limiting access to the site completely
These alternatives assume that surface soil hotspots would be removed prior to commencing
remedial activities and would be put into temporary storage for treatment with similar wastes
from another OU or shipped off site for immediate treatment and/or disposal

321 Alternative 0. No Action

The No Action alternative for groundwater was developed to meet the requirements of the NCP
which state that a No Action alternative should be developed regardless of site-specific
conditions (EPA 1990a) The alternative provides a baseline against which other alternatives
can be compared durning the detailed analysis of alternatives The No Action alternative uses the
results of the BRA to define what the exposure levels would be to receptors under this
alternative, and does not seek to actively remediate any portions of OU 1

This alternative includes momtoring only to determine if any changes occur 1n contaminant
concentrations Or in contaminant migration patterns Groundwater monitoring would begin
immediately and would take place for as long as institutional controls are active at the site or
untal 1t 15 determned that monitoring 1s no longer required Wells no longer deemed necessary
for momtoring would be abandoned as appropnate

This alternative assumes that the site would eventually be abandoned, and that no remedial
actions would be 1mtiated to reduce the nsk from groundwater contamunants or to remediate
potential residual DNAPL zones believed to be present n the subsurface soils beneath IHSS
1191 The alternative assumes that the treatment portion of the existing french dramn system
would be non-operational Groundwater reaching the drain would begin to flow around the drain
at a slow rate assumung the existing sumps were not pumped regularly This would result 1n
a saturated region directly upgradient of the drain, and a less saturated region downgradient of
the drain however no adverse mmpacts are expected If desired, the dramn could be
decommussioned by excavating portions of the impermeable layer downhill from the drain with
a standard backhoe to increase 1ts effective permeability For the purposes of detailed analysis
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1t 1s assumed that the drain would be decommussioned as suggested under this alternative

Since no remedial actions would be conducted under this alternative there 1s no remediation
time frame mvolved Decommissiomng the french drain would be accomplished using RFETS
equipment and would require mummmal effort Ths alternative would also not mvolve any
packaging or transportation of waste nor any permitting actions

322 Alternative 1. Institutional Controls without the French Drain

Thus alternative 15 intended to mummuze the nsk from contaminated groundwater by restricing
access to any wells impacted by OU 1 contammnants and by eliminating the possibility of
building construction above areas known to be contaminated with VOCs Ths alternative would
attempt to meet RAOs by applymng wstitutional controls to the boundary of the RFETS at
Woman Creek

The alternative assumes that the existing french drain system would not be operational as in the
No Action alternative Groundwater reaching the drain would flow around the dramn at a slow
rate assuming the existing sumps were not pumped regularly This would result 1n a saturated
region directly upgradient of the dramn and a less saturated region downgradient of the dran

however no adverse impacts are expected If desired the dramn could be decommussioned by
excavating portions at the drain with a standard backhoe to increase its effective permeability

For the purposes of detailed analysis it 1s assumed that the drain would be decommissioned as
suggested under this alternative

Groundwater monstoring would be required for this altemative to determine when 1nstitutional
controls could be discontinued Once acceptable groundwater contaminant concentrations were
achieved through natural degradation and dispersion of contaminants, the area would be released
from institutional controls Groundwater momtoring would take place for as long as required
to meet this criterion  Wells no longer deemed necessary for momtoring would be abandoned
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Thus alternative assumes the site would not be abandoned during the institutional control perzod
but that no remedial actions would be taken to actively reduce the contaminant concentrations
in groundwater, or to remediate potential residual DNAPL zones believed to be present in the
subsurface soils beneath THSS 119 1

As 1 the No Action alternative there 1s no remediation time frame associated with this
alternative since the site would not be released until acceptable groundwater concentrations are
achieved Decommissioming the french drain would be accomplhished using RFETS equipment
and would require mmmmal effort For the purposes of detailed analysis a 30-year nstitutional
control peniod 1s assumed for groundwater monitoring

Ths alternative would not involve any packaging or transportation of waste, nor any permitting
actions other than the admmstrative requirements associated with mamntaimng the secunty of
the site

Ths alternative 1s intended to mimmuze the risk from contaminated groundwater by restricting
access to any wells impacted by OU 1 contaminants while continuing to treat groundwater
collected by the existing french drain This alternative 1s sumlar to Altemative 1 with the
exception that the french dramn would not be decommussioned Ths aiternative apphes to the
area south of building 881 and to the IHSS 119 1 source area Dilute concentrations of
contaminated groundwater to the east of the operable unit would not be actively remediated by
this alternative although mnstitutional controls would prevent unauthorized construction and uses
of groundwater n all areas of OU 1 Suspect areas of subsurface soil DNAPL contamination
are not addressed under this alternative other than through containment of groundwater

Groundwater momtoning would take place for as long as required to venfy that contaminant
concentrations 1n groundwater have been permanently reduced below appropnate hmats For
this alternative the existing extraction well located in IHSS 119 1 would continue to be used as
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a groundwater collection source Wells no longer deemed necessary for momtoring would be
abandoned as appropnate

Although remedial actions would be conducted under this alternative 1n the form of operating
the french drain system there 1s no remediation time frame defined since the system 1s currently
operational and would continue operating until acceptable contaminant concentrations are
achieved Based on operations to date of the existing french drain system, however 1t 1s
reasonable to assume that the slow groundwater collection rate would require 1ts operation for
an extensive period of tme Monitoning of groundwater would also begin immediately Ths
alternative could 1nvolve packaging and transportation of spent 1on exchange resin

Alternative 3 differs from Alternative 2 1n that additional extraction wells would be added to the
existing french drain system to enhance its effectiveness This alternative would seek to provide
protection of human health and the environment by removing contaminants from all areas of OU
1 groundwater, and by entirely contaimng groundwater upgradient of the french drain  As 1n
Alternative 2 suspect areas of subsurface soil DNAPL contamination are not addressed under
this alternative other than through containment of groundwater

Wells could be added to the southeastern comer of the operable umit to capture any contaminated
groundwater potentially flowing around the french drain, to the IHSS 119 1 source area to assist
the exasting recovery well, and/or 1n front of the french drain 1n any suspected sandstone Ienses
which could form conduits for groundwater transport beneath the drain  These wells could also
be used to monmitor COC concentrations in the area In addition, under this alternative wells
could be installed 1n the area south of Building 881 to enhance the recovery of contamnated
groundwater 1n that area Figure 3-1 shows possible locations of additional extraction wells

These locations are i1dentified solely for defimng the conceptual approach suggested for thus
alternative Prior to designating exact locations, a thorough review of the impact the french
drain 1s having at the site, potentially including computer modeling 1s necessary
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Modifications required to the french drain itself would be to eliminate the flow of the footing
drain water from the 881 Building to imit the amount of clean water that 1s sent through the

treatment system

Groundwater recovered from the extraction wells would be routed to the french drain sump then
transferred to the influent storage tanks of the existing Building 891 water treatment system

Recovered groundwater would therefore have to be pumped at a flow rate compatible with the
system s 30 gpm capacity This system was constructed to treat groundwater from the 881
Hillside area to achieve the treatment goals presented 1n the Systems Operanon and Optimizanon
Test Report (DOE 1992)

The imnstitutional control of groundwater momtoring would be employed to determine when
contaminant concentrations fall below acceptable levels (assumed to be 30 years for costing
purposes 1 the detailed analysis of alternatives) The exisung french drain system would
provide containment of contaminants dunng remedial actions while also assisting in the
collection of groundwater After remedial actions are completed however the drain could be
left 1n place or decommussioned If left in place groundwater reachung the drain would begin
to flow around the drain at a slow rate, assuming the existing sumps were not pumped regularly
This would result in a saturated region directly upgradient of the drain and a less saturated
region downgradient of the dramn however no adverse impacts are expected If desired the
drain could be decommissioned by excavating portions at the drain with a standard backhoe to
increase 1ts effective permeability  For the purposes of detailed analysis 1t 1s assumed that the
drain would be decommassioned as suggested under this alternative

Four to six additional extraction wells would be installed under this alternative and would require
approximately six inch diameter casing Because of the low hydraulic conductivity and smalli
saturated thickness of 881 Hillside colluvial matenals cyclical operation with pumping rates
below one gpm per well would be required to remove groundwater

Computer simulations of domestic water production capabilities from OU 1 were completed and
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presented 1n the report entitled OU 1 Domesnc Water Supply Simulanons (EG&G 1992) and are
included 1n Appendix F of this report Results of these simulations showed that with a hydraulic
conductivity of 1 x 10* cm/sec pumping rates exceeding 0 14 gpm would desaturate the
modeled well cell in under 365 days The model assumed a 12 hour pumping period With a
hydraulic conductivity of 1 x 10 cm/sec pumping rates exceeding 0 013 gpm would desaturate
the modeled well cell in under 365 days Based on the Phase IIIl RFI/RI report the hydraulic
conductivity at IHSS 119 1 and the area south of IHSS 119 2 1s esumated at 9 4 X 105 ft/min

while the area south of Building 881 has an estimated hydraulic conductivity of 1 5 X 107
ft/min These hydraulic conductivities suggest that extremely low pumping rates would be
required to remove contaminated groundwater without desaturating the modeled well cells

The overall remediation time frame based on using this alternative would be extensive
considening the low groundwater pumping rates achievable at OU 1 The potential exasts for an
extensive extraction time required for removal of residual DNAPLs potentially present in
saturated soils Recent EPA guidance recogmizes that complete remediation of DNAPL
contaminants using conventional groundwater extraction techmques 1s not techmcally practicable
(EPA 1992b) Agamn, for the purposes of detailed analysis 1t 1s assumed that this alternative
would be implemented for at least 30 years

325 Al

Thas alternative seeks to achieve groundwater RAOs by dewatering the IHSS 119 1 source area
using conventional pumping techmques, and then following this action with implementation of
a localized SVE system The combined technologies proposed under this alternative are
considered emerging technologies which may be more effective than when apphed
mndividually In general this alternative targets only the IHSS 119 1 source area although
additional vapor extraction wells could be installed 1n other areas to treat suspected DNAPL

sources

SVE would assist the vaponization and subsequent recovery of contaminants present in the
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saturated soils unsaturated soils and groundwater at OU1  The technology targets
contaminants that have partitioned either to the aqueous phase 1n the subsurface adsorbed onto
subsurface soils exist as pools of DNAPL or occupy soil pore spaces as vapor As discussed
above groundwater residing 1n shallow pools throughout IHSS 119 1 would be extracted via the
existing well the existing french drain and one or two additional recovery wells Collected
groundwater would be treated by the existing Building 891 water treatment system or another
appropniate facility with any modifications required to treat unusually high contaminant
concentrations if encountered These same areas would be subjected to SVE once desaturated
to enhance the removal of any residual contaminants

In general so1l vapor extraction is an 1n situ physical treatment technology that has been used
primanly to remediate soil and groundwater contaminated with VOCs A typical SVE system
consists of either a single or if necessary a network of vapor extraction wells screened at
depths consistent with the contaminated soils If multiple vapor extraction wells are used they
are usually joned together by a common header pipe Makeup or clean air replacing the
contaminated soil gas removed through SVE enters the soil either passively via the ground
surface and/or ilet wells or actively via air injection wells Also the apphcation of surface
seals may redirect makeup air to desired treatment zones

The basic principle behind SVE mvolves inducing vapor flow through the unsaturated zone
towards an extraction well by applying a vacuum to that well Contaminants volatihized from
the soil matrix and those that are already 1n the vapor phase are swept by the carner gas flow
(primarily air) to the extraction well(s) The carner gas also tends to increase the volatilization
of any aqueous phase or free phase DNAPL contaminants 1n the vicimty Many complex
processes occur on the microscale, however there are three main factors that control the
performance of an SVE operation (a) the vapor flow rate through the unsaturated zone (b) the
flow path of carner vapors relative to the location of the contammants and (c) the chemical
composition of the contaminants (Johnson et al 1989)

To successfully design and operate an SVE system site geology and contaminant properties must
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be considered Site geology can have a significant influence on a vapor extraction well s radius
of influence Geological factors include depth to groundwater subsurface soil/rock type and
subsurface permeability which must be great enough to allow carner vapors to strip VOCs from
the subsurface matnx and carry them to an extraction well Soil vapor extraction performance
18 also dependent on the charactenistics of the contaminants targeted for extracion A compound
18 a hikely candidate for SVE if 1t has a vapor pressure of 1 0 mm or more of mercury at 20°C
and a dumensionless Henry s Law constant greater than 0 01 (Danko 1989) Table 3 2 presents
these values for the COCs under consideration at OU 1 as well as other general physical and
chemical data The data shown indicate that all of the COCs under consideration are amenable
to recovery by SVE A cross sectional view of the proposed conceptual configuration of an SVE
system 18 presented in Figure 3 2

For this alternative it 1s assumed that approximately 10 to 30 vapor extraction wells would be
mstalled 1 IHSS 119 1 and 1n other areas if deemed appropriate A detailed so1l gas survey
would have to be conducted prior to mstalling these wells in order to pmpomnt exact well
locations Wells would be installed to a depth of approximately 20 feet and would be 4 to 6
inches 1n diameter These wells would be operated cychically to enhance recovery and would
be used 1n combination with a granular activated carbon (GAC) unit to treat extracted vapors

This umt would most likely require a National Emussion Standards for Hazardous Air Pollutants
(NESHAPs) permit to operate however this would not present any unusual admimstrative
constraints

The remediation time frame associated with this alternative 1s assumed to be approximately five
years Groundwater momtorning would continue once the alternative was implemented to ensure
that all residual phase DNAPL zones are remediated Monitoring would be active for 30 years
after remediation unless 1t was determuned that acceptable contamnant concentrations have been
reached

Also once the SVE system was decommissioned, operation of the french drain would be
suspended In general groundwater reaching the drain would flow around the drain at a slow
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Table 3-2
Physical and Chemical Properties of the Primary VOCs in Groundwater

Constant
(Dimensionless)
Carbon Tetrachlonde
1 1 Dichloroethene CH,Cl, 96 94 122 370 $ 500 182 0179
Tetrachloroethene C,Cl, 165 83 162 121 150 178 1076
11 1 Trchloroethane CH,Cl, 133 39 134 51 950 100 0170

% from Hazardous Waste Management LaGrega Buckingham and Evans McGraw Hill New York 1994
from Selecting Process Equipment, vol 1 Woods McMaster University Canada 1990
¢ from Hazardous Waste Management 1bid at20 C
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rate assuming the existing sumps were not pumped regularly This would result 1n a saturated
region directly upgradient of the drain and a less saturated region downgradient of the drain

however no adverse impacts are expected If desired the drain could be decommussioned by
excavating portions at the drain with a standard backhoe to increase 1its effective permeability
For the purposes of detailed analysis 1t 1s assumed that the drain would be decommissioned as
suggested under this altemative

This alternative seeks to enhance the vaporization and subsequent recovery of contaminants
present 1n the subsurface soils and groundwater at OU 1 As with the previous alternative thus
alternative targets contamnants that have partihoned to aqueous, and vapor phases or are
residuals in the subsurface This alternative considers technologies that enhance vaporization
through the elevation of subsurface temperature in areas where target contaminants are
concentrated Groundwater residing 1n shallow pools throughout IHSS 119 1 would be extracted
via existing wells the existing french dramn, and one or two new recovery wells Collected
groundwater would be treated by the existing Building 891 water treatinent system These same
areas would be subjected to thermal enhancement techniques once desaturated to enhance the
removal of any residual contaminants Thermal enhancement 18 expected to be especially well
suited for sites with tight formations such as 1s the case with OU 1 and 1s considered an
emerging technology by EPA

As soil gas contaminated with contaminant vapors 1s recovered through a standard vapor
extraction system and replaced with clean soil gas aqueous phase, DNAPL phase and adsorbed
contaminants vaporize until they return to equilibrium saturation levels mn the clean soil gas

thus 1ncreasing both the vaponzation rate of these contamnants and the equilibrium air
saturation levels by temperature elevation subsequently increases recovery by vapor extraction

Although increased vaponization rate and increased equiibrium saturation levels would increase
the effectiveness of the vapor extraction system the primary increase mn total contaminant
recovery would result from an increase 1n the number of open pore spaces available for vapor
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transport Any vaponzation enhancement techmques used with vapor extraction would decrease
the moisture content of the surrounding media Pore spaces that were imtially filled with water
would be opened once the water was vaponzed and dniven off The open pore spaces would
allow for a greater diffusion rate of vapor phase contaminants thereby increasing their extraction
rate and possibly the radws of influence of a vapor extraction system

This alternative considers two viable treatment technologies that can effect an increase n
subsurface soil temperatures — radio frequency heating and electrical resistance (ohmic) heating
Both technologies are discussed below although for the purposes of detailed analysis radio
frequency heating 1s analyzed further, whereas ohmic heating 1s merely assumed to be potentially
applicable at OU 1 and 1s not included 1n the detailed analysis of alternatives

Radio Frequency Heating

Radio frequency (RF) heating was selected as one of the two representative process options to
effect an elevation 1n temperature of the subsurface matenals at OU-1 that are contaminated with
those contaminants that are VOCs RF heating 1s an mnnovative 1n situ technology for
volatihizing organic constituents 1 soil and water as well as vaporizing pore space moisture
The technology 1s desirable since additional chemicals are not 1ntroduced 1nto the subsurface and
no special arrangement (e g gnids) are necessary as in conventional ohmic heating

The 1n situ RF heating process requires muumal intrusion using 3 to 6-inch diameter boreholes
contammng strategically placed antennae in the desired treatment area Through a combined
mechamism of ohmic and dielectric heating the temperature 1n the media 1s raised and the
volatile and semivolatile orgamic constituents are volatihzed (Kasevich 1992) Volatiized
organics are then collected with the vapor extraction system and subjected to further treatment
RF heating 15 expected to supplement vapor extraction in a manner that allows for quicker
recovery of VOCs from certain areas of the subsurface Specifically heating VOC source areas
can expedite VOC recovery m the vapor form (1 e , hotspots are hikely to contain aqueous
DNAPL and adsorbed phase VOCs which would be dniven to vapor under elevated temperature
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conditions) Figure 3 3 illustrates a sumple application of RF heating combined with vapor
extraction for this alternative

The dielectric loss of a matenal (1 e the amount of energy a material dissipates as heat when
placed 1n a varying electric field) contributes to the heating of the contaminated media An
indicator of a material s ability to successfully absorb electromagnetic energy 1s its dielectric
constant Most soils have suitable dielectric constants that allow for effective treatment Water
and/or soil moisture 1s vaporized by RF energy however steam 1s transparent to RF energy and
does not continue to absorb radiation energy While the steam may become superheated this
occurs only by energy conduction from the solid media and not from direct electromagnetic
energy absorption The steam 1n turn serves to heat surrounding materials, enhancing additional
vaporization Thus, water and/or soil moisture does not present a hindrance to the treatment
process Fractures and voids within the contaminated matrix also do not present treatment
problems since thermal conduction 1s not the primary heat transfer mechamism Densely packed
soils are well suited to this treatment as are other consolidated geologic matenals A variety of
heating profiles can be generated by manipulating the subsurface placement of RF antennae their
operating frequencies, and the phase output of the different antennae Virtually umform heating
within a specified volume can be achieved with mimimal heating of surrounding matenal using
a properly designed configuration Thus localized treatment can be attamned with proper design

RF heating has been shown to be capable of increasing soil temperature to approxiumately S00°F

This temperature would be great enough to volatilize both sorbed and potentially dissolved phase
contaminants (¢ g aqueous phase) in the subsurface matenals as well as drive off any moisture
1n nearby pore spaces The temperature of the subsurface medium would be raised gradually

therefore vapor extraction wells would be able to extract vapor as 1t 1s generated The heating
and resulting steam/vapor generation rate could be controlled so that the capacity of the vapor
recovery system would not be exceeded Such control would prevent the spread of
contamination by steam plume expansion Also RF heating would only be implemented 1n the
vicity of a vapor extraction well Placement of an RF heating antennae 1n this manner would
provide assurance that RF heating would not lead to a spread of contammnation A vapor
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recovery system supplemented with RF heating would likely require additional air drying
capacity since 1t 1 expected that the RF heating system would lead to the extraction of a greater

amount of soil moisture than conventional vapor extraction

The primary piece of equipment of this alternative 1s the apphicator antenna which 1s placed 1n
a borehole This antenna 1s generally a flexsble component of varying length that radiates
electromagnetic energy 1n the form of radio frequency waves The energy onginates from a
generator at the surface and 1s transmitted to the antenna via a metal coaxial cable Standard
dnlhing equipment can be used to complete a borehole The borehole 1s generally cased with
fiberglass or a similar material that 1s transparent to electromagnetic radiation The antenna can
be placed 1n vertical or horizontal boreholes Also several antennae may be used concurrently

1n various areas with elevated contanunant concentrations

Locations of RF antennae and vapor extraction wells for cleanup of the volatile subsurface
contaminants at OU 1 are contingent on detailed design through which the optimum system
design would be defined, however, 1t 15 assumed under this alternative that RF heating antennae
would be 1nstalled 1n vapor extraction wells near the vapor extraction wells being operated The
number of vapor extraction wells required would range from 10 to 30 depending on saturation
levels The spacing between boreholes can range depending on the RF heating frequency depth
mterval of heated volume and properties of the materials heated An array of multiple
boreholes can provide uniform heating of a given subsurface volume Control devices momtor
performance of the RF generator and adjust the outputs to optimize system performance Soil
gas momtoring wells must be 1n place 1n the vicimty of the RF heating antennae These wells
are necessary to monitor for potential increased migration of contaminant outside of the radius
of influence of the vapor extraction well(s)

Support equipment for RF heating can be housed 1n one trailer A portable power supply such
as a diesel motor generator, may provide the necessary three phase power for the RF antennae
All transmussion lines connecting support equipment to the RF antennae are commercially
avatlable
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Ohmic Heating

Ohmic heating was also selected as one of the two representative process options to effect an
elevation 1n temperature of the subsurface materials at OU 1 that are contaminated with volatile
contaminants This technology 1s considered an emerging technology which 1s currently being
examined under the Operable Unit 2 (OU 2) treatability study program Like RF heating ohmic
resistance heating 1s an innovative 1n situ technology for enhancing the performance of soil vapor
extraction by volatilizing orgamc constituents 1n soils and groundwater and by vaponzing pore
space moisture Unlike RF heating however ohmic resistance heating results from the
transmission of an electrical current through the media targeted for cleanup As such a
prerequisite for ohmic heating 1s that the media must be able to conduct an electrical current

Ohmic heating requires the placement of a gnd of electrodes and sometimes the addition of
water 1n the area targeted for remediation The process requires only mmmmal intrusion and has
most often been implemented using six electrodes installed 1n a hexagonal pattern to the depth
of the contaminants, with a vapor extraction well placed 1n the center of the pattern as shown
i Figure 3-4 (Aines et al)

Six or three phase power can be used to supply current to the installed electrodes There 1s
some benefit with six phase power 1n that a more uniform heating pattern can be realized in the
area being treated (Buettner et al) However the increased umiformity comes at the expense
of needing additional equipment to split normal three phase power mnto six phase Electrodes
are usually constructed of stamnless steel tubing, which can also serve as passive air inlets

The principle of ohmic heating 1s sumple Basically electrical currents are made to flow
between electrodes placed 1n a contaminated region causing resistance heating (much the same
way that passing an electrical current through an oven heating element generates resistance
heating) Current flow through subsurface matenals tends to be greatest in fine-grained souls
such as silts and clays These types of soils are generally less permeable than sands and gravel

thus heating the clays and silts can drive off contaminants contaned therein that are not easily
accessible with conventional soil vapor extraction Once the volatile contaminants are driven
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out of the less permeable clays and silts into the more permeable sands and gravel they are
more susceptible to recovery by vapor extraction As with RF heating soil moisture can be
heated with ohmic heating to generate steam Steam can provide additional stripping of adsorbed
contaminants Also the removal of soil moisture can increase the air flow permeability of the
soil being treated thus enhancing the capability of vapor extraction to remove contaminants (but
lesseming the ability to continue heating the subsurface with electrical current)

The pnimary pieces of equipment needed to support ohmic heating include stainless steel piping
(for electrodes) a 60 Hz power supply an optional six phase transformer thermocouples for
monitoring subsurface temperature and a vapor recovery/treatment system Electrode grids may
be placed at various locations targeted for treatment Extracted vapors from multiple locations
may be directed to a central treatment location or to individual treatment units

The location of the electrode gnid(s) and vapor extraction well(s) for cleanup of the volatile
subsurface contaminants at QU 1 are contingent on treatability test results in which the optimum
system design would be defined, however, for this alternative it was assumed that one gnd
would be installed at IHSS 119 1 Ths gnd would have six electrodes inserted to approximately
20 feet below the surface n a hexagonal arrangement making up a circle with a diameter of
approximately 20 feet Additional gnds would be required to remediate the entire site  As
previously discussed the conceptual approach presented for RF heating 1s carned forward for
detailed analysis The information presented here on ohmic heating may be beneficial if 1t 1s
selected as the preferred technology prior to implementation of any remedial actions at OU 1

Implementation of erther technology would still require groundwater momitonng to ensure that
residual DNAPL sources have in fact been remediated In addition, operation of the french
drain would be discontinued after implementation of the alternative unless the system was
utihized for another operable umt Groundwater reaching the drain would continue to flow
around and beneath the drain albeit at a much slower rate than prior to its installation assuming
the existing sumps were not pumped regularly This would result 1n a saturated region directly
upgradient of the drain and a less saturated region downgradient of the drain however no
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adverse impacts are expected If desired the drain could be decommissioned by excavating
portions at the drain with a standard backhoe to increase its effective permeability For the
purposes of detailed analysis 1t 1s assumed that the drain would be decommussioned as suggested
under this alternative

This alternative would require a remediation time frame of approximately three years
NESHAPs permits would be required for any other gas treatment systems and groundwater
monitonng 1s assumed to be present for 30 years after remediation This would be required to
verify that all residual sources of DNAPLSs 1n the subsurface have been remediated

Thus alternative would use groundwater extraction and hot air enhanced vapor extraction with
mechanical mixing to enhance recovery of contaminants present 1n the subsurface at IHSS 119 1
Thas technology 1s considered mnnovative and would have to be tested at OU 1 pnior to full scale
operation Such a technology would target contaminants that have partitioned to the aqueous
phase 1n the subsurface those that have adsorbed onto the subsurface soils, those that exists as
pools of free phase DNAPL and those that occupy soil pore spaces in the vapor phase To
maximize the efficiency of this alternative 1t 1s assumed that a detailed so1l gas survey would be
required to identify potential residual DNAPL sources 1n the subsurface

Ths alternative requires the remediation of up to 20 000 cubic yards of soil 1n IHSS 119 1 by
1n situ treatment with a mobile treatment system The treatment system selected would use hot
air to enhance volatihization of adsorbed and dissolved VOCs while simultaneously increasing
contact of the hot air with the VOCs by mechanical mixing (Available groundwater would be
extracted from the vicimty prior to treatment ) Heated air 1s both the primary means of
temperature elevation induction and of increasing subsurface vapor flow and recovery The
mixing enhances volatihization by increasing desorption surface area and ehminating barners to
contact between the contaminants and the hot air Figure 3 § presents a conceptual view of the
hot air injection system
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The primary treatment system 1n this alternative consists of a caterpillar mounted drill ng with
specialized dnilhing equipment The dnill equipment 1s capable of delivering treatment reagents
such as hot air or steam via piping 1n a hollow dnll bat shaft The dnll bit has a cutting/mixing
blade which can vary in diameter from 4 to 12 feet Groundwater extraction wells would be
placed 1n previously treated soil columns Dewatering of a small area prior to treating the 1nitial
soil column would be accomphished via an extraction well drilled with conventional drilling
equipment Extracted groundwater would be treated through the existing UV/peroxide treatment
system The dnlil ng can produce up to 350 000 ft 1bs of torque, sufficient to provide excellent
mixing of subsurface soils as the dnll bit descends through the soil column The dnil bit also
has multiple injection ports for hot air delivery The multiple ports provide uniform delivery
of hot air throughout the treatment zone The caterpillar mounted dnll ng 1s moved from one
treatment zone to another sequentially until the entire site 1s remediated The treatment columns
or drill shafts are overlapped by 20% to ensure adequate treatment throughout the entire site
4 to 6 columns can be treated per day, depending on site conditions

For volatile compounds such as those at OU 1 a negative pressure shroud 1s placed over the
entire treatment zone to capture off gases for dehivery to an onboard off gas treatment system

Mats are placed under and around the ng to ensure that contaminants do not reach the
atmosphere by surfacing outside the shroud The shroud vacuum 1s connected to an off gas
treatment system A vapor-hquid separator removes entramned hquids for delivery to the
Building 891 water treatment system Vapors continue through the off gas treatment system

For the contaminants and concentrations at OU 1 vapor phase carbon adsorption 1s the preferred
treatment option Once treated the air 1s recycled to a compressor and heater and remnjected to
the subsurface

Removal of groundwater by pumping will be accomplished by extraction wells placed near the
treatment zone to depress the water table and recover contaminated groundwater The wells will
be placed 1n post treated soils due to the ease of placement in these disturbed areas This
ensures the recovery of aqueous inorganics present in the groundwater Thus the alternative will
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address morgamic as well as orgamic contammnants The recovered groundwater would be
pumped to the existing Building 891 water treatment system which 1s designed to treat all
contaminants found in OU 1 groundwater

Although this alternative involves removal of the source of contamination monitoring of
groundwater would be required once the remedial action 1s complete to venfy that all residual
DNAPL sources have been remediated

It 1s assumed that after completing this alternative the exisung french drain would be
decommussioned Groundwater reaching the drain would continue to flow around and beneath
the drain albest at a much slower rate than prior to its mnstallation assuming the existing sumps
were not pumped regularly This would result in a saturated region directly upgradient of the
drain and a less saturated region downgradient of the drain however no adverse impacts are
expected If desired the dramn could be decommussioned by excavating portions at the drain with
a standard backhoe to increase 1its effective permeability For the purposes of detailed analysis
1t 1s assumed that the drain would be decommussioned as suggested under this alternative

This alternative would require 3 years to implement and would require permits for off gas
treatment only (assuming the existing Building 891 water treatment system 1s currently permitted
appropniately) Groundwater monitoring would continue for 30 years or until 1t 1s determined

that monitoring 1s no longer required

Thus alternative 1s mtended to reduce or ehminate the nisk to a residential receptor at IHSS 119 1
through source removal of contaminated groundwater beneath a discreet portion of the IHSS

Ths alternative differs from the 1n situ groundwater treatment alternative 1n that a portion of
unsaturated soils at the IHSS would be excavated down to the water table to allow for the
removal of localized groundwater contamination This 15 a worst-case scenano which would
enable contaminated water to be located and subsequently removed Such efforts may be
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required based on the current understanding of the hydrogeologic conditions at OU 1 which
suggest complex geology 1n the area

The volume of groundwater requiring treatment and the amount of soil which would have to be
excavated for this alternative were calculated based on the results of the Phase Il RFI/RI This
alternative would require excavation of approximately 20 000 cubic yards of unsaturated and
potentially saturated soils 1n the southwest corner of IHSS 119 1 (see Figure 2 2) The amount
of groundwater collected during the excavation would be approximately 80 000 gallons
depending on the seasonal level of the water table This 1s a rough estimate of the amount of
groundwater present under low saturated conditions using the measured porosity of the soils

Excavation would be terminated slightly below the underlymng bedrock to ensure that all
contaminated groundwater pools are reached The groundwater would be collected using sumps
installed within the excavation Standard submersible pumps would be used to direct collected
groundwater to the existing french dramn sump pumps The groundwater would then be
transferred to the Building 891 water treatment system at OU 1 for final treatment and
discharge A piping system from the excavation to the OU-1 treatment facility would be
required (see Figure 3-6) This would hikely be constructed of PVC and buried to a sufficient
depth to prevent freezing A control system would also be needed to operate pumps as demand
required and to mimmize the need for manual oversight and operation

The actual excavation would be accomplished using conventional construction equipment
although breathing apparatus may be mcluded as part of the machinery or may be handled
separately on an individual basis The excavated soils would be treated on-site using a skid
mounted thermal desorption umit and then transported to a hcensed facihity for disposal

Radiological monitoring would be conducted for the duration of the alternative due to the
potential presence of plutonium 1n the soils Although this alternative involves removal of the
source of contamination to groundwater at IHSS 119 1, momtoring of groundwater would still
be required once the remedial action 1s complete to venfy that all sources of residual DNAPL

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 327

S ah e, el i IR e +2¥. Bl Mwﬁ‘m .




OU1-ETP DWG

Umt Atmosphere
Off-Gas
Excavate Soil Soi
trom el ThON | e e Clean S
Treatment Zone P Transported
Off-Site for
Disposal
Water
N
Water henm]cnh Water '{&:
- Sump Treatment === Discharge
Dump | System (l)l
(1) See Figure 2-3

Catalytic
Oxidation p—————s= Discharge to

US DEPARTMENT OF ENERGY
Rocky Flats Environmental Technology Site

Golden Colorado

881 HILLSIDE AREA
OPERABLE UNIT NO 1

Conceptual View of
Excavation and Treatment
Process

Figure 3-6

WY 1994

St PN

el Byt PSPy

. A e el vt il e litn ko bR S AN

g



contamination have been remediated Short term momtorning of vapor concentrations in air
would also be required duning the excavation and prior to 1ts closure

The remediation time frame assumed for this aiternative 1s less than one year Once remediation
activities are completed the exasting french drain would be decommssioned if appropriate  If
terms of the drain 1tself, groundwater reaching the dramn would continue to flow around and
beneath the drain albeit at a much slower rate than prior to 1ts installation assuming the existing
sumps were not pumped regularly This would result 1n a saturated region directly upgradient
of the drain and a less saturated region downgradient of the drain however no adverse impacts
are expected If desired the drain could be decommissioned by excavating portions at the drain
with a standard backhoe to increase its effective permeabiity For the purposes of detailed
analysis 1t 1s assumed that the dramn would be decommussioned as suggested under thus
alternative
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4 0 DETAILED ANALYSIS OF ALTERNATIVES

This section documents the detailed analysis of the following remedial action alternatives

e  Alternaive 0 No Action

° Alternative 1  Institutional Controls Without the French Drain

e  Alternative 2 Institutional Controls With the French Drain

e  Alternative 3 Modified French Drain With Additional Extraction Wells
e  Alternative 4 Groundwater Pumping and Soil Vapor Extraction

e  Alternative 5 Groundwater Pumping and Soil Vapor Extraction With Thermal
Enhancement

e  Alternative 6 Steam Imjection With Mechamical Mixing

e  Altemative 7 Soil Excavation and Groundwater Removal With Sump Pumps

Alternative 8, Capping With Institutional Controls 1s not included 1n the detailed analysis of
alternatives because 1t was screened out from further analysis in Section 3

4 1 Introduction

Thus section analyzes the proposed remedial action alternatives using the cntena specified at 40
CFR 300 430 of the NCP Details of the alternatives presented 1n Section 3 0 are used as the
basis for these evaluations The two most important criteria the threshold critenia are statutory
requirements that must be satisfied by any alterative 1n order for 1t to be ehigible for selection

The threshold critenia are overall protection of human heaith and the environment and
comphance with ARARs -

The five primary balancing critena of long term effectiveness and permanence, reduction n
toxicity mobility and volume short term effectiveness implementability and cost are used to
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evaluate major performance objectives for alternatives The relative performance of each
alternative 1s evaluated and compared to 1dentify any alternatives that are clearly superior or
infenior to the other alternatives under consideration

The two modifying critenia  state acceptance and community acceptance evaluate the feasibility
of using the preferred alternative 1n terms of 1its acceptance by regulatory agencies and the
community at large These criteria are not evaluated until after the formal public comment
period on the CMS/FS report, and are then addressed in the Corrective Action Decision/Record
of Decision (CAD/ROD)

This criterion addresses the overall protectiveness of the proposed remedy by describing how
human health and environmental nisks are ehiminated, reduced, or controlled through treatment
engineenng controls or mstitutional controls This evaluation criterion acts pnimarily as a final
check on the conclusions reached 1n applying the other pnmary balancing and threshold critena
In particular this overall assessment of protectiveness draws on the analyses conducted under
the comphance with ARARs long term effectiveness and permanence and short term
effectiveness cnitenia  The evaluation of overall protectiveness examines whether an alternative
results 1n any unacceptable short term or cross media 1mpacts

The selection of ARARs for a remedial action alternative at a site 18 governed by the regulations
of the NCP [40 CFR 300 400(g)] and EPA s guidance 1n Office of Sohd Waste and Emergency
Response (OSWER) Directives such as the Compliance with Other Laws Manual (#9234 1)
The potential hist of ARARSs for remedial actions at OU-1 has been presented to the regulatory
agencies 1n TMs #10 and #11 A discussion of the selection of chemacal specific ARARs for
OU 1 has been presented 1n subsection 2 3 1 Bnefly summarized, ARARs are
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e  applicable, that 1s, a requirement that under circumstances other than CERCLA
apply to the contaminant action situation or location

or

. relevant and appropriate This 1s a requirement that 1s not normally applicable to
the set of circumstances (contaminant activity location or situation) but because
the requirement addresses an activity, location or situation simlar to the
circumstances proposed at the remedial action site and the requirement 15 well
suited to the remedial action at the site 1t 1s judged relevant and appropnate It 1s
possible for a requirement to be relevant but not appropnate for site specific
circumstances

As remedial action alternatives are developed and screened through the feasibility study process
so are the ARARs further analyzed and screened 1n the CMS/FS process

ARAR Screemung Process

Action specific and location specific ARARs previously identified 1n the early stages of the
CMS/FS process were screened again to check the jurisdictional and circumstantial prerequisites
Each ARAR was noted as applicable or relevant and appropniate for each alternative at OU 1
The cntena used to evaluate apphicable requirements are

substance or contaminant addressed under statute/regulation
time period statute/regulation 1s 1n effect

activities/action statute/regulation requires hmits or prohibits
who 1s subject to statute/regulation

exemptions under statute/regulation

The cniteria used to evaluate relevant and appropnate requirements are
e simlanty of substance or contammnant addressed under statute/regulation to
situation at OU 1

e sumlanty of media affected by the requrement under statute/regulation to
circumstances at OU 1
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o similanty of entities affected by statute/regulation to actions/activities proposed at
ou1l

e sumlanty of the place addressed by statute/regulation and the type of place affected
by proposed action at OU 1

o simlanty of structures/facility/technology addressed by statute/regulation to
structure/facility/technology proposed at OU 1

® any exemptions or variances of a requuement and their availability for
circumstances at the OU 1 site

Each specific remedial action alternative 1s assessed to determine if the proposed action will/can
comply with each ARAR or TBC Section 121(d) of CERCLA requires remedial actions to
comply with or exceed the ARARs designated at a site  Thas 18 one of the primary threshold
cnitenia designated 1n the NCP regulations for choosing a proposed remedial action at a site  The
results of the ARAR analysis conducted at OU 1 specific to each proposed alternative 1s
presented 1n Appendix D Key ARARs selected for discussion in the detailed analysis of
alternatives histed below where key ARARs are those ARARs judged to be most critical to the
implementability of an alternative

*  Colorado Pnmary Drinking Water Standards Articles 1 14 CRS 24-4-104 105
and 25 1 107, 109, 114

¢ RCRA Regulations - Parts 262 264 265 and 268 and proposed changes to 261

®  Colorado Solxd Waste Regulations 6 CCR 10072 (2115 255 and257)

e  Colorado Arr Pollution Control Regulations 5 CCR 1001 5 Regulation 7

. g;lgrrgf Non game, Endangered or Threatened Species Conservation Act CRS

Comphance with an ARAR can be waived under specific circumstances as designated 1n
CERCLA, as amended [Section 121(d)(4)] and 1n the NCP regulations Any proposed waivers
from comphance with ARARS 1s presented 1n the proposed decision document along with the
reasons for such contemplated action
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Reasons for a waiver include the following

. a State standard has not been consistently apphied in sumilar circumstances
e  1t1s an interim action

®  comphance will resuit in greater nsk to human health and the environment than
alternative options

e  comphance 1s techmcally impracticable

e  the selected remedial action will attain a standard equivalent to an applicable
standard using another approach

Since the State of Colorado 1s authorized by EPA to implement the RCRA program the RCRA
ARARSs under the State program are designated as key ARARs Releases and spalls at OU 1
occurred prior to the effective date of the RCRA regulations and therefore the RCRA program
regulations are designated relevant and appropniate to the substances (spent solvents and
contaminated media) and site circumstances at OU 1

Comphance with the RCRA program 1nvolving releases of hazardous constituents from sohd
waste management umts (SWMUS) under Subpart F 1s a relevant and appropriate requirement
for all alternatives In addition, the Corrective Action Management Umit (CAMU) Subpart S
rule recently adopted by the State (264 552 of 6 CCR 1007 3) 1s a relevant and appropriate
requirement for all alternatives It 1s a relevant and appropnate requirement because this rule
allows remediation wastes to remain 1n place after closure of the CAMU providing certain
requirements are met by the owner The defimtion of remediation wastes 1s sohd and
hazardous wastes and med:a that contain listed hazardous wastes or which exhibit a hazardous
waste charactenistic that are managed for the purpose of implementing corrective action

requirements "

Requirements of the owner of a CAMU are

1) siting of the CAMU 1s to be 1n accordance with the requirements for siting
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hazardous waste disposal sites under 6 CCR 1007 2 Part 2 (solid waste mimmum
standards 2 1) and

2) Subparts B C D and E of Part 264 or 265 are to be met Subpart B 1s focused
on general inspections Subpart C 1s the preparedness and prevention provisions
Subpart D 1s the contingency plan and Subpart E 1s the record keeping provisions
Subpart E 1s an admimistrative requirement and not an ARAR

By designating the umt a CAMU CDPHE will facilitate implementation of a rehable effective

protective and cost-effective remedy (critenia of an NCP/CERCLA selection) CDPHE may
specify any closure post-closure and any groundwater momtoring or long term mamtenance
activities as part of the designation (6 CCR 1007 3, Part 264 552(¢)) Waste management
activities associated with CAMU cannot create unacceptable risks to humans or the environment

Since the documentation of the CDPHE designation is required to be made public according to
the CAMU rule 1t 15 assumed that any designation of the CAMU will appear in the Proposed
Remedial Action Plan/Proposed Plan (PRAP/PP) and the CAD/ROD

In addition to the specific statutory requirements discussed i Section 4 1 2 CERCLA guidance
emphasizes the preference for treatment to achieve long term protection and permanence for the
proposed remedy Critenia for evaluating long term effectiveness and permanence include the
following

e  persistence, toxicity, and mobility of hazardous substances and their constituents
and their tendency to bioaccumulate

*  long term uncertamnties associated with containment

e  long term potential for adverse health effects from human exposures

e  long-term cost of momtoring and maintenance

e  ease of undertaking future remedial action should the proposed alternative fail
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These considerations are focused on the magnitude of residual nisk remaining after the response
objectives have been met The evaluation of the proposed alternative must include an analysis
of the continued potential threat to human health and the environment from untreated waste or
treatment residuals remaining at the site after corrective action has been taken This analytical

process includes the following elements

volume and concentration of contaminants 1n untreated media

volume and concentration of contaminants in treated residuals
requirements for five-year site reviews and long term momtonng
difficulties associated with long term operations and maintenance
confidence 1n the adequacy of controls

availability of equipment used 1n the alternatives

habatat value following remedial actions as compared to existing habitat

414 F

Thas criterion evaluated the ability of a remedial action alternative to reduce the nsks at a site
through the destruction of toxic contaminants reduction of the total mass of toxic contaminants
reduction 1n contaminant mobility or reduction 1n the total volume of contaminated media The
NCP states a preference for remedial alternatives that include treatment as a principal element
of the remedy over those that do not Specific considerations include the following

adequacy of the treatment process to address preliminary remediation goals
specific requirements and limitations of the treatment process

volume of the contaminated media that are treated

extent of reduction m TMV

wrreversibility of the treatment

quantities and toxic charactenistics of the treatment residuals or by-products

415 Short Term Effectiveness

This critenion addresses the period of time dunng the construction and implementation of the
remedy The evaluation covers commumty protection and site-worker protection dunng the
remediation period as well as any potential adverse environmental impacts that may result from
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construction and implementation The consideration of environmental impacts dunng the
remediation period also includes an evaluation of the impact of the remedial action on the quality
of habitat

4 1 6 Implementability

This criterion addresses the technical and admimstrative feasibility of implementing a remedy |
including the availabiity of matenals and services needed durnng its implementation
Implementability 1s particularly important for evaluating the rehability of technologies that are

less proven and when evaluating remedies that are dependent on a imiated supply of equipment

vendors or specialists Specific considerations include the following

ability to construct and operate the altemative within a 10- to 30-year ime frame
avallability of equipment and speciahists

availabhity and rehability of the components of the alternative

ability to monitor the effectiveness of the alternative

demonstrated performance level of the treatment components and equipment
dufficulty 1n implementing future remedial actions once the alternative 1s 1n place

The implementability evaluation also addresses the requirements for coordination with local
state and federal offices and agencies to obtain necessary permits

417 Cost

This criterion addresses the evaluation of the capital cost for each alternative as well as the long

term operation and maintenance (O&M) expenditures required to sustain it Present worth cost
analysis 1s used to compare expenditures that occur over different time periods By discounting
all costs to a common base year the cost of each alternative can be reduced to a single figure
for comparative analysis To calculate the present worth of each alternative this report assumes
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a discount interest rate of 5 percent (as specified in the CMS/FS guidance) and an
implementation period of 30 years for long term O&M or the actual implementation period 1if
1t 1s less than 30 years

Cost may play a significant role 1n differentiating options that appear comparable with respect
to long term effectiveness and permanence or when choosing among treatment options that
provide similar performance An alternative with a cost that 1s excessive when compared to
overall effectiveness may not be feasible to implement as a final remedy Also, an alternative
with a low 1mitial capital cost may be more costly overall when the O&M costs are considered

Higher cost may be offset by improved performance or greater long term nisk reduction 1n the
comparative analysis of alternatives Ultimately however, the remedial alternative that satisfies
the CERCLA requirements 1n the most cost-effective manner will be selected as the preferred
alternative

418 State Acceptance

State acceptance refers to the state or support agency s comments on the appropnateness of the
proposed remedy The state s position and key concems about the preferred alternative should
be assessed as early in the process as practicable

419 Commumty Acceptance

Community acceptance evaluates the 1ssues and concemns raised by the general public 1n their
response to the alternatives described 1n the CMS/FS report  Interested persons or groups 1n the
commumty may support, have reservations about or oppose some components of the preferred
remedhal alternative and their concerns may influence the final selection process

4 2 Detailed Analysis of Altematives

Detailed analysis of alternatives 1s accomplished 1n this report by evaluating the two threshold
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and five balancing criteria for each alternative The analysis 1s conducted at a level of detail that
builds on the information presented 1n Section 3 sufficient to provide an understanding of each
alternative and any uncertainties associated with the evaluation Key trade-offs with respect to
the criteria  are 1dentified for the alternatives According to the CMS/FS guidance the results
of the detailed analysis are designed to provide the basis for identifying a preferred alternative
for remedial action

Assumptions used in performing the detailed analysis of this CMS/FS include the following

e  DNAPLs are potentially present 1n the subsurface at IHSS 119 1, based on the
results of the Phase Il RFI/RI report If present 1t 1s assumed that they are
pnmanly 1n residual form and 1n small quantities

¢  Groundwater momtoring proposed under each remedial alternative would inciude
sampling and analys:s at the french drain, the existing groundwater extraction well
and potentially four new momtonng wells at OU 1 The locations would be
sampled semiannually and analyzed for both orgamic and inorgamc COCs

e A soil gas survey would be conducted prior to mmtiating any of the proposed
treatment actions to more accurately define the areas at IHSS 119 1 requinng
treatment For purposes of the detailed analysis only the previously ident:fied
source area 1S considered

In the comparative analysis a qualitative sensitivity analysis 1s performed to assess the major
assumptions whuch, 1f mncorrect, could sigmficantly impact the results of the detailed analysis of
the alternatives

Groundwater Momtoring

Groundwater monitoring 1s included as part of each remedial action alternative presented herein

For the purposes of the detailed analysis of alternatives 1t 15 assumed that six momtoring points
would be used for performance momtonng of each altemative Four new wells would be
mstalled, one deep and shallow well cluster downgradient of IHSS 119 1, and possibly two
additional wells upgradient of Woman Creek It 15 suggested that placement of the well cluster
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be preceded by geological and geophysical support such as photographic lineament analysis,
and/or three-dimensional seismic surveys This would enable paleochannels and faulted zones
to be clearly 1dentified prior to well placement

Samples would also be collected from the french dramn sump and from the existing recovery
well Samples would be analyzed for organic and mnorgamc contammants and would be
collected semiannually Analysis of individual species of morganic contaminants 1s also
suggested to 1dentify individual metal species which have the potential to bicaccumulate Thas
additional analysis requirement should only be apphed occasionally in the sampling program
PQLs would be used to determine comphiance with COPHE standards

Groundwater Modehing

To support the detailed analysis of remedial action alternatives, groundwater modeling was
performed to predict downgradient contaminant concentrations resulting from suspected sources
at THSS 1191 Three conceptual models were identified and used to predict future COC
concentrations at Woman Creek The no action scenario was used to examine contaminant
magration patterns excluding source removal and the existing french drain and extraction well
(Alternatives O and 1) The french drain nstitutional control scenano was used to examine
contaminant migration patterns with the french drain and extraction well 1n place (Alternatives
2 and 3) The remediation scenano was used to examine the effect of remediating all of the
suspected sources within IHSS 119 1 to MCLs and to predict downgradient concentrations once
this goal was achieved (Alternatives 4, 5, 6, and 7)

The groundwater model 18 descnibed 1n detail n Appendix B In general the computer
simulation code TARGET 2DU (Dames & Moore 1985) was used to simulate contaminant
transport 1n the subsurface TARGET_2DU 1s a vertically onented fimte difference model that
can simulate vanably saturated conditions The model will be available for public use late 1n
1994 Ths model was selected due to the vanability of the saturated zone at OU 1 and because
1t has been successfully apphed at other Superfund sites to support final CADs and RODs
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Detailed assumptions and uncertainties associated with the model are included in Appendix B
Some of the major assumptions and/or uncertanties that identify conservative points in the model
are summarnzed below

¢  The model 1s two dimensional therefore dispersion (spreading) in lateral to the
plane of the model 1s not simulated Ths causes over prediction of concentrations

e  The model does not account for decay of contaminants adsorbed to so If
desorption occurs, then concentrations are conservatively over predicted

e  The model does not account for volatihization of orgamc contarmnants It 1s likely
that volatihzation 1s an 1mportant process because of lhigh volatilization rates for
these chemicals (hugh Henry s Law constants) and because of the short distance
from groundwater to land surface

e  The model predicts increasing concentrations at locations like Well 0487 and 4387
where observed concentrations fluctuate around a generally constant average This
most hikely due to the way 1n which desorption 1s simulated and to 1gnoring the
effects of volatilization

In examining the results of the modeling effort, PCE was selected as the indicator chemical for
QU1 The MCL for PCE1s 5 x 10° mg/t PCE concentrations at Woman Creek were at a
maximum at the end of the modeled time period for the no action and french drain mstitutional
control conceptual models where they appeared to be approaching an asymptotic value near the
maxumum concentration predicted Under the remediation conceptual model peak
concentrations occurred within the modeled time period The peak concentrations predicted for
PCE under each conceptual model (with alternative numbers identified) are histed below along
with the year in which the peak concentration was observed

e  no action scenanos (0 1) 3 60 x 10° mg/¢ n 2369

e  french dramn institutional control scenanos (2 3) 8 62 x 10 mg/¢ 1n 2269

e  remediation scenarios (4 5 6 and 7) 5 84 x 10* mg/f 1n 2152 (30-year average
at peak) with 5 94 x 10* mg/! as the actual peak concentration

These conceptual models were used to estimate residual nsk levels associated with the various
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remedial action alternatives proposed 1n this section Peak concentrations for other COCs were
several orders of magmitude below that of PCE

Residual Risk Assessment

The nisk assessment presented in Appendix C documents the approach and calculations
performed to estimate residual nisks associated with the proposed altematives To select the
most appropnate pathways and indicator chemical the results of the OU 1 PHE were first
reviewed Groundwater modeling results were then compared to contaminant specific PRGs for
OU 1 Ths companson indicated that PCE 1s the most conservative contamnant to use in the
nisk assessment, that 1s 1t contributes the highest nisk to future groundwater receptors based on
modeled contaminant concentrations at Woman Creek

Groundwater modeling was performed to estumate the concentration of PCE 1n groundwater
using three conceptual models for OU 1, as described 1n the modeling summary above

Using groundwater modeling results with the most conservative exposure pathways,
noncarcinogenic hazard mdices and carcinogenic nsk were calculated The results of these
calculations indicate that none of the calculated noncarcinogenic hazard indices approach unity

and that the maxamum calculated carcinogenic nisk 1s for the scenano of no remediation of the
source contaminant and discontinuing operations of the french drain and extraction well, (1 ¢

no action) The maximum nisks are hsted below for each modeled scenano with alternative
numbers listed in parenthesis

®  no acton scenanos (0 1) 199 x 10
e  french dramn institutional control scenarios (2, 3) 4 76 x 10°
e  remediation scenanos (4 5 6 7) 322x 107

421 Alterpative 0, No Action

The NCP requires that the No Action Alternative be evaluated as a baseline alternative against
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which other alternatives can be compared Thus alternative assumes that acceptable groundwater
contaminant concentrations would be achieved through natural degradation and dispersion of the
groundwater COCs at OU 1, and that the site would eventually be abandoned Therefore no
remedial actions would be mitiated to reduce the nisk from groundwater contammants by actively
treating the groundwater or subsurface soils The alternative assumes that operation of the
treatment portion of the existing french drain system would be discontinued For costing
purposes 1t 1s assumed that the french drain would be decommussioned under this alternative

This would be accomphished by using a backhoe to excavate and remove sections of the dran

Groundwater momitoning activities would continue to monitor contaminant concentrations over
time For the purposes of this detailed analysis a 30-year mnstitutional control period 1s assumed

for groundwater momtonng

The evaluation of the two threshold and five balancing critena for Alternative 0 No Action are
summarized as follows

The no action alternative would be protective of human health based on exposure to OU 1 COCs
at the Woman Creek location Concentrations of contaminants 1n groundwater would gradually
be reduced over time due to physical, biological and chemical processes such as dispersion
volatihization and biodegradation

Key ARARs would be met under this alternative In particular, the MCLs would continue to
be achueved for groundwater COCs at Woman Creek Thus alternative would provide long term

effectiveness 1n achieving the MCLs through natural processes which are essentially urreversible

A nisk level of 1 99x10° would be achieved at Woman Creek under this alternative Therefore
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the magnitude of residual nisk that would result from the implementation of the No Action
alternative falls well within the acceptable risk range of 10* to 10° Additionally nsk from
surface soil contaminants would remain within the acceptable nisk range of 10* to 10

There would be no increase in potential nsks to the public to on site workers or to the
environment under the No Action alternative

The resuits of groundwater modeling and momtoring indicate that groundwater at Woman Creek
currently meets MCLs Modeling results projected to 400 years from 1969 also indicate that
there will be no exceedance of MCLs within the 400-year peniod Groundwater modeling results
demonstrate that the hughest concentration of PCE duning the 400-year period 1s 3 60x10”* mg/¢
for this aiternative Assumptions of the model are discussed i1n Appendix B and have included
factors for natural degradation but not volatilization of organics

Action Specific ARARs

Alternative 0 will comply with RCRA regulations 6 CCR 1007 3 Parts 264 and 265 1f the
CDPHE designates OU 1 a CAMU 1n accordance with 6 CCR 1007 3, 264 552(c) Under the
No Action alternative, the contaminants would remain 1n place subject to natural degradation,
volatihzation and dispersion Groundwater momtoring would be conducted to detect direction
and movement of hazardous constituents as specified mn 6 CCR 1007 3 264 552(d)(3) The
substantive requirements for disposal facilities under Parts 264 and 265 would be met through
comphance with the CAMU rule

The No Action alternative would comply with the state sohd waste disposal site and facility
regulations since there are no exceedances of the MCLs at Woman Creek However since solid
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waste areas can be wmcluded in the CAMU 1t 1s behieved this requirement 1s no longer
appropnate as an ARAR

The air pollution regulations are not an ARAR for this alternative since there are no major earth

moving activities or air emissions associated with this alternative

Location Specific ARARS

Alternative 0 1s anticipated to comply with the laws and regulations specific to wetlands and
spectes which use the wetlands There 1s a population of Preble s meadow-jumping mouse at
the RFETS which 1s a non game species of special concern under state wildlife policy Once
the french dramn 15 decommussioned 1t 1s possible that wetland/niparian habitat areas would
increase 1n size 1n the long term after a short term disturbance Prior to disturbance the State
Division of Wildhife would be consulted on mitigation measures to lessen impacts to this species

as well as others

Long Term Effectivencss and Permanence

The No Action alternative would mnvolve only groundwater momtoring This alternative would
not provide any additional protection for the environment and potential downgradient receptors
because operation of the french drain which currently appears to be effective 1n capturning
groundwater migrating away from OU 1 would be discontinued under this alternative

Residual concentrations of COCs may be acting as a continuing source at IHSS 119 1 The No
Action alternative does not address treatment for residuals 1n either the groundwater or the soil
The existing french drain system would not be operational, potentially allowing contaminated
groundwater to migrate from OU 1 and to impact groundwater and soils outside of OU 1
However modeling indicates that under thus alternative MCLs for groundwater COCs are
currently achieved and would continue to be met at Woman Creek A five year review would
be conducted to determine the continued effectiveness of this alternative
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Thus alternative would not satisfy the NCP preference for treatment as a principal element of the
alternative because 1t does not directly result 1n treatment of contaminated groundwater The
No Action alternative would not treat groundwater or soils and therefore would not reduce the
toxicity mobility or volume of contaminants although natural processes would result in a
reduction of contaminant concentrations over time

Short Term Effectiveness

Because no remedial action would be mitiated no sigmificant additional short term nisks to the
local community or environment would be created as a result of the No Action alternative at
ou1

There would be no additional potential impacts to workers as a result of this alternative
Existing safety measures used for permanent workers and visitors would offer effective and
reliable protection from the COCs associated with OU 1 Adherence to appropriate health and
safety measures would be required for as long as momitoring activities are continued at OU 1

Implementability

The No Action alternative 1s readily implementable because 1t includes only the continuation of
groundwater momtoring activiies with installation of possibly four additional wells The
implementability of this alternative would not be hmited by the avalability of services and
matenals nor would there be any sigmficant techmcal or admistrative dufficulties associated
with this alternative

Cost
Capntal costs associated with Alternative 0 include decommussiomng the french drain  Post
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closure activities for Alternative 0 include groundwater momtoring for 30 years and installation
of four additional wells The capital cost for thus alternative 1s $154 700 The annual O&M
cost for this alternative 1s $0 the cost for post-closure 1s $1 740 400 The total cost for this
alternative 1s $1 895 100 A detailed cost estimate for this alternative 1s included in Appendix

Thas alternative would rely on nstitutional controls to restrict access to any wells impacted by
OU 1 contaminants and prevent building construction above the areas known to be contaminated
with VOCs As with the No Action alternative this alternative assumes that acceptable
groundwater contaminant concentrations would be achieved through natural degradation
volatihization, and daspersion of the COCs and that the site would not be abandoned duning the
mnstitutional control period No remedial actions would be mutiated to reduce the nsk from
groundwater contammants by actively treating the groundwater or subsurface soils The
alternative assumes that operation of the treatment portion of the existing french drain system
would be discontinued

This alternative presents the potential for the RFETS to be converted to a future ecological
reserve The nstitutional controls considered here represent sitewide control of all areas of the
RFETS Groundwater momtoning, supplemented by installation of additional wells would be
continued to determine if any changes occur mn contaminant concentrations or in contaminant
migration patterns Groundwater montoring would continue for as long as mnstitutional controls
are active at the site, or until 1t 15 determined that momtonng 1s no longer required For the
purposes of this detailed analysis a 30-year institutional control period 1s assumed for
groundwater monitoring

The evaluation of the two threshold and five balancing criteria for Alternative 1 Institutional

Controls Without the French Drain are summanzed as follows
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Ths alternative would be protective of human health assuming that the mstitutional controls are
properly implemented and that the site would not be abandoned during the nstitutional control
period The french drain would not be used to capture contaminated groundwater but
concentrations of contaminants 1n downgradient groundwater would gradually be reduced over
time due to physical and chemical processes, such as dispersion volatiization and
biodegradation

There would be no additional human health risk associated with this alternative because the
entire RFETS site would be controlled eliminating access to OU 1 and therefore the potential
for human exposure There would also be no increase in potential nisks to the public or to on
site workers under this alternative

Key ARARs would be met under this alternative In particular the MCLs would continue to
be achieved for groundwater COCs at Woman Creek Thus alternative would provide long term
effecuveness mm achieving the MCLs, through natural processes which are essentially

irreversible

The results of groundwater modeling and groundwater momtoring indicate that groundwater at
Woman Creek currently meets MCLs Modeling projected 400 years from 1969 also indicates
that there will be no exceedance of MCLs within the 400-year period Groundwater modeling
results demonstrate that the highest concentration of PCE during the 400-year period 1s 3 60x10°
mg/{ for this alternative Assumptions of the model are discussed in Appendix B and have
included factors for natural degradation but not volatilization of organics
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Action Specific ARARs

The main difference between the No Action altermative and Alternative 1 1s the extent of
institutional controls at the RFETS This difference would not create a difference in the
alternative s comphance with the key ARARs Alternative 1 will meet substantive requirements
of the State RCRA program if CDPHE staff designates the OU 1 area as a CAMU under the
recently adopted Subpart S provisions (6 CCR 1007 3 Part 264 Section 552) Thus alternative
includes a 30-year groundwater monitoring program which comphes with 6 CCR 1007 3

264 552(d)(3) Contamnants would be left in place subject to natural degradation volatihization

and dispersion

Solid waste can be included 1n the CAMU and thus 1t 1s assumed that substantive portions of the
State’s solid waste regulations would not be appropnate to the CAMU and thus not an ARAR

The air pollution regulations are not an ARAR for this alternative since there would not be any
air emission sources or major earth moving activities

Location Specific ARARS

Location specific ARARs associated with this alternative are focused on the protection of
wetlands Decommussioning of the french drain could cause disturbance to a small portion of
wetlands for 2 to 3 days Mitigation measures would be used to mimmize the impact and to
comply with DOE regulations on wetland protection as well as the State s Non Game
Endangered or Threatened Species Conservation Act Coordination with State Division of
Wildlife would be done to protect the population of Preble’s meadow jumping mouse a state

species of special concern

Long Term Effectivencss and Permanence

Thas alternative would minimuze the human health risk associated with contaminated groundwater
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by restricting access to any wells impacted by OU 1 contaminants and by elimnating the
possibility of building construction above areas known to be contaminated with VOCs This
alternative would not provide any additional protection for the environment and potential
downgradient receptors because operation of the french drain which currently appears to be
effective 1n capturing groundwater migrating away from IHSS 119 1 would be discontinued
under this alternative

Thas alternative does not address treatment for residuals in esther the groundwater or subsurface
sotls The existing french drain system would not be operational potentially allowing
contaminated groundwater to migrate from OU 1, and to impact groundwater and soils outside
of OU1 However modeling results indicate that under this alternative groundwater would
continue to meet MCLs at Woman Creek A five year review would be conducted to determine
the continued effectiveness of this alternative

Thus alternative would not satisfy the NCP preference for treatment as a principal element of the
alternative Because 1t does not propose treatment for contaminated groundwater or subsurface
soils this alternative would not reduce the toxicity, mobility, or volume of contaminants
although natural processes would result 1n a reduction of contaminant concentrations over tune

Short Term Effectiveness

Because no remedial action would be mitiated no additional short term nsks to the local
community or environment would be created by implementing this alternative

There would be no additional potential impacts to workers as a result of this alternative
Existing safety measures used for permanent workers and visitors would offer effective and
reliable protection from the COCs associated with OU 1  Adherence to appropnate health and
safety measures would be required for as long as momtoring activities are continued at OU 1
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Implementability

This alternative 1s readily implementable because 1t includes only nstitutional controls and
groundwater momtoring The implementability of this alternative would not be limited by the
availability of services and matenals nor would there be any sigmificant techmcal difficulties
associated with this alternative Institutional controls proposed under this alternative such as
deed restrictions could be implemented with no sigmficant admimstrative problems

Cost

Capital costs associated with Alternative 1 include decommussiomng the french drain  Post

closure activities for Alternative 1 include groundwater momtoring for 30 years and installation
of four additional wells The capital cost for this alternative 1s $154 700 The annual O&M
cost for this alternative 1s $0, and the cost for post-closure 1s $1,740 400 The total cost for this
alternative 1s $1,895,100 A detailed cost estumate for this alternative 1s included 1n Appendix

This alternative 1s sumiiar to Alternative 1 except that operation of the french drain and the
Building 891 water treatment system would be continued The french drain would continue to
capture contaminated groundwater mugrating from the IHSS 119 1 source area  Dilute
concentrations of contaminated groundwater to the east of the operable unit would not be actively
remediated by this alternative As with Alternative 1 institutional controls would be utihized
to restrict access to any wells impacted by OU 1 contaminants and prevent building construction
above the areas known to be contaminated with COCs

Ths alternative would also utilize groundwater monitoring programs to determine 1f any changes
occur 1 contarmnant concentrations Or in contamunant mgration patterns  Groundwater
momtoring would continue for as long as mstitutional controls are active at the site or until 1t

OU 1 CMS/FS Report DRAFT FINAL
881 Hillnde Area
August 1994 422

[P R TN SRS DU asz A Ser Piempits S



1s determined that momitonng 1s no longer required For the purposes of detailed analysis a 30
year institutional control period 1s assumed for groundwater monitoring The french drain would
be decommussioned after momtoring confirms that COC concentrations have been reduced to
acceptable levels

The evaluation of the two threshold and five balancing criteria for Alternative 2 Institutional
Controls With the French Drain are summarized as follows

Smmilar to Alternative 1 thus alternative would be protective of human health assuming that the
nstitutional controls are properly implemented and that the site would not be abandoned dunng
the nstitutional control period In this alternative the french drain would be used to capture and
treat contaminated groundwater and prevent downgradient migration of COCs

Key ARARs would be met under this altemative In particular the MCLs would continue to
be achieved for groundwater COCs at Woman Creek This alternative would provide long term
effeciveness 1n achueving the MCLs although the drain would have to be operated until all
sources have been remediated mn IHSS 119 1

A risk levels of 4 76x10? would be achieved at Woman Creek under this altemative Therefore

the magmtude of residual nisk that would result from the implementation of this alternative falls
well below the acceptable nsk range of 10* to 10° Additionally nsk from surface soil
contaminants would remain within the acceptable nisk range of 10 to 10° There would no
mncrease in potential nsks to the public or to on site workers under this alternative because no
additional actions wouid be imtiated Existing heaith and safety procedures would effectively
protect on site workers
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The results of groundwater modeling and groundwater momtoring indicate that groundwater at
Woman Creek currently meets MCLs Modeling results projected 300 years from 1969 also
indicate that there will be no exceedance of MCLs within the 300-year period Groundwater
modeling results demonstrate that the highest peak concentration of PCE during the 300-year
period 1s 8 62x10° mg/¢ under this alternative Assumptions of the model are discussed 1n
Appendix B and have included factors for natural degradation but not volatilization of orgamcs

Action Specific ARARs

Alternative 2 will meet the substantive requirements of the state RCRA program specific to past
spilled waste, if CDPHE staff designates the OU 1 area as a CAMU under 6 CCR 1007 3
264 552

The substantive requirements include

Generators of hazardous waste

Releases from solid waste management units

Closure of a disposal facility under mnterim status and final status
Post-closure of a disposal umt under final status

Sohd waste 1s allowed to be mncluded 1n the designation of a CAMU If the CAMU 15 adopted
1t 15 behieved the state s solid waste regulations would not be appropnate to the circumstances
and thus would no longer be an ARAR.

Contaminants would be left 1n place at the IHSS 119 1 area subject to collection and treatment
at the french drain  There 1s a potential for some contaminants to be left in place outside the
area of the capture zone and collection system
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The State s air pollution control regulations are not an ARAR for this alternative since there
would not be a source of air emussions

Location Specific ARARs

Alternative 2 will not nvolve disruption of the current scenario at the site for an estimated 30
years Therefore impacts to wetland and npanan habitat areas are not anticipated to occur
within this tume period The populations of Preble s meadow jumping mouse a state species
of special concerm would continue on therr current course until that time

Decommussioming of the french drain would involve a short term disruption to some portion of
wetlands Mitigation measures would be used to mimmize the impact and to comply with DOE
regulations on wetland protection as well as the State s Non Game Endangered or Threatened
Species Conservation Act

Under this alternative the existing french dramn would continue to remove contaminated
groundwater migrating from IHSS 1191 Thus alternative would also mmmmize the human
health nsk associated with contaminated groundwater by restricting access to any wells impacted
by OU 1 contammnants and by eiimmating the possibihity of building construction above areas
known to be contaminated with VOCs The alternative would provide long term protection for
potential human receptors assumung that the mnstitutional controls mmitiated are guaranteed to

remain 1n place

Residual concentrations of COCs may be acting as a continuing source at IHSS 1191 Ths
alternative does not address treatment for residuals 1n either the groundwater or subsurface soils
However modeling indicates that under this altemative groundwater would continue to meet
MCLs for the COCs at Woman Creek Concentrations of contaminants in groundwater would
gradually be reduced over time due to physical and chemical processes such as dispersion
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volatiization and biodegradation A five-year review would be conducted to determine the
continued effectiveness of this alternative

Contaminated matenals generated as a result of this alternative include spent 1on exchange resins
from the Building 891 water treatment system These resins are currently regenerated on site
There are no significant risks associated with handling these resins

Reduction of Toxjcity, Mobility, or Volume Through Treatment

The continued operation of the french drain would reduce the mobility and volume of COCs in
groundwater at OU 1 however residual concentrations of COCs would remain in subsurface
soils and groundwater in IHSS 119 1

Extracted groundwater would be treated 1n the Building 891 water treatment system Thisisa
destructive treatment process and thus would result 1n decreased toxicity Contaminant removal
through groundwater extraction would be wrreversible, however, DNAPLs 1n IHSS 119 1 may
continue to act as a source

Short Term Effectiveness

Ths alternative includes the implementation of institutional controls the continued operation of
the french drain system, and groundwater monitoring Because no additional remedial action
would be initiated, no additional short term risks to the local community or environment would
be created by implementing tins alternative

There would be no additional potential 1mpacts to workers as a result of this alternative
Existing safety measures used for permanent workers and visitors would offer effective and
rehable protection from the COCs associated with OU 1  Adherence to appropnate heaith and
safety measures would be required for as long as monitoring activities are continued at OU 1
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Implementability

This alternative 1s readily implementable because 1t includes only institutional controls the
continued operation of the french dramn and Building 891 water treatment system and the
continuation of groundwater momtoring activities The implementability of this alternative
would not be imited by the availability of services and materals nor would there be any
significant technical difficulties associated with this alternative There are no technical problems
associated with continued operation of the existing french drain system  Groundwater
momntoring would effectively track any additional migration of COCs

Institutional controls proposed under this alternative such as deed restricions could be
implemented with no sigmificant administrative problems

Cost

Capatal costs associated with Alternative 2 include decommussioning of the french drain  O&M
costs for Alternative 2 includes operation of the Building 891 water treatment system and
groundwater momtoning for 30 years Capital cost for this alternative 1s $149 600 The annual
O&M cost for this alternative 1s $15,603 300, the post-closure cost 1s $1 740 400 The total
cost for this alternative 18 $17 493,300 A detailed cost estimate for this alternative 1s included

mn Appendix E

Smmilar to Altemative 2, this altemative would continue to operate the existing french dramn
system However approximately four to six additional six inch diameter groundwater extraction
wells would be added to the exising system to enhance its effectiveness in capturing
contamimnated groundwater mugrating from the IHSS 119 1 sources and other areas The
additional wells could be 1nstalled 1n the southeastern corner of the operable unit to capture any
contaminated groundwater potentially flowing around the french drain 1n the IHSS 119 1 source
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area to assist the existing recovery well in front of the french dramn 1n a suspected low
permeability sandstone lens which may potentially form a conduit for groundwater transport
beneath the drain or 1n the area south of Building 881 to enhance the recovery of contaminated
groundwater 1n that area

Based on the performance of the french drain and existing extraction well the new extraction
wells are expected to remove less than one gpm of groundwater combined Each well would
be equipped with a sump pump with high and low level switches that would pump
mtermittently This would ensure that the pumps would not be burned out by operating 1n a
dry well Groundwater recovered from the new extraction wells would be routed to the french
drain system to be transferred to the Building 891 water treatment system and treated with the
UV/peroxide/ion exchange process

As with the institutional controls altematives, this alternative would also continue groundwater
momitoring activities to determmne if any changes occur in contaminant concentrations or in
contaminant migration patterns Groundwater momtoring would continue for as long as
mstitutional controls are active at the site or until 1t 1s determined that monitoring 1s no longer
required For the purposes of this detailed analysis a 30-year institutional control period 1s
assumed for groundwater momtoring The french drain would be decommussioned after
momnitoring confirms that COC concentrations have been reduced to acceptable levels

The evaluation of the two threshold and five balancing criteria for Alternative 3 Modified
French Drain With Additional Extraction Wells are summarized as follows

Thus alternative would be protective of human health and the environment assuming that the site
would not be abandoned dunng the mstitutional control In ths alternative, the french drain and
several additional extraction wells would be used to capture contamunated groundwater and
prevent downgradient migration of COCs Low level groundwater contamination east of the
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french drain would also be addressed 1n this alternative by installing one or more of the new
extraction wells 1n this area

Key ARARs would be met under this alternative Specifically MCLs would continue to be
achieved for groundwater COCs at Woman Creek This alternative would provide long term
effectiveness 1n achieving the MCLs

Rusk levels achieved by this alternative would be the same as those achieved under Alternative
2 however these levels would be achieved 1n a shorter time because the additional groundwater
extraction wells would mncrease the rate at which contamimnated groundwater 1s removed
Therefore the magmitude of residual risk that would result from the implementation of
Alternative 3 falls well below the acceptable nisk range of 10 to 10° Additionally, nisk from
surface soil contaminants would remain within the acceptable nisk range of 10* to 10

There would be no increase m potential nsks to the public or to on site workers under this
alternative BExasting health and safety procedures would effectively protect on-site workers

The results of groundwater modeling and groundwater momtoring indicate that groundwater at
Woman Creek currently meets MCLs Modeling results projected 300 years from 1969 also
indicate that there will be no exceedance of MCLs within the 300-year period Groundwater
modeling results demonstrate that the highest concentration of PCE during the 300-year period
1s 4 76x10° mg/¢ for this alternative Assumptions of the model are discussed in Appendix B
and have included factors for natural degradation but not volatilization of organics
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Action Specific ARARS

Alternative 3 comphiance with action-specific RCRA program requirements 1S sumilar to that
described under Alternative 2 RCRA requirements are relevant and appropriate and compliance
of the alternative with the substantive requirements of Parts 262 Part 264 and Part 265 depends
1n part on implementation of Subpart S requirements OU 1 designated as a CAMU would allow
some contaminants to be left in place after closure at the 119 1 and 119 2 IHSS locations
Comphance with releases from sohd waste management umts Subpart F closure of a disposal
unt Subpart G and post- closure of a disposal umt Subpart H can be aclhieved with the
alternative

Solid waste can be designated as part of the CAMU and therefore compliance with the State
sohd waste regulations would not be appropnate The MCLs are met at Woman Creek
according to groundwater modeling results

The additional extraction wells would be constructed i accordance with the substantive parts
of the Colorado Water Well and Pump Installation Regulations (2 CCR 402 2) Therefore
comphance with this ARAR 1s anticipated for Alternative 3

Location-Specific ARARs

Alternative 3 1s anticipated to comply with the location specific ARARs Laws and regulations
specific to wetlands and species which use wetlands will be complied with if Alternative 3 1s
implemented at OU-1 When the french drain 1s decommissioned 1t 1s possible that the
wetland/nipanan habitat areas would increase in size n the long term, after short term
disturbance of the wetland areas Prior to disturbance, the State Davision of Wildlife would be
consulted on mitigation measures, to lessen umpacts to species of concemn such as Preble s

meadow jumping mouse
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Long Term Effectiveness and Permanence

Under this alternative the exusting french drain would continue to remove contaminated
groundwater migrating from IHSS 1191 Therefore the residual nsk would gradually be
reduced over time

This altermative would also mmmmize the human health nsk associated with contaminated
groundwater by restricing access to any wells impacted by OU 1 contaminants and by
ehminating the possibility of building construction above areas known to be contaminated with
VOCs The alternative would provide long term protection for potential human receptors
assuming that the institutional controls mmtiated are guaranteed to remain in place

This alternative would also be effective 1n protecting the environment over the long term by
addressing groundwater with low levels of contaminants that 18 potentially flowing around the
east end of the french drain system and could otherwise potentially impact on groundwater and
soils outside of OU-1 However, modeling indicates that under this alternative groundwater
would continue to meet MCL for PCE at Woman Creek  Concentrations of contaminants 1n
groundwater would gradually be reduced over time due to physical and chemical processes such
as dispersion volatthization and biodegradation A five year review would be conducted to
determine the effectiveness of this alternative

Contaminated materials generated as a resuit of thus alternative include spent 10n exchange resins
from the Building 891 water treatment system These resins are currently regenerated on site
There are no significant nisks associated with handling these resins

This alternative would reduce the mobility and volume of contaminants in OU 1 through
continued operation of the french drain and the addition of several groundwater extraction wells
The french drain effectively reduces the migration of contammated groundwater from OU 1
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Groundwater extraction would reduce the volume of COCs in groundwater however residual
concentrations of COCs would reman 1n subsurface soils and groundwater in IHSS 119 1 The
french drain and extraction wells would also continue to prevent migration of COCs beyond OU
1 thus reducing the mobility of these contaminants

Extracted groundwater would be treated 1n the Building 891 water treatment system This 1s a
destructive treatment process and thus would result 1n decreased toxicity Contaminant removal
through groundwater extraction would be irreversible, however, DNAPLs may continue to act

as a source

Short Term Effectiveness

Because the only additional remedsal action mitiated by this alternative would be the extraction
well installation, a procedure that can be accomplished 1n a relatively short period of ime the
additional short term nisks to the local community or environment would be mimmized

The only potential impacts to workers implementing this alternative would be those associated
with the installation of the new extraction wells These potential unpacts would be mmmized
through existing worker safety procedures governing construction activities at RFETS Exsting
safety measures for the french drain operation and monitoring activities would offer effective
protection for workers and visitors at OU 1  Adherence to appropnate health and safety
measures would be required for as long as monitoring activities are continued at OU 1

Implementing this alternative would have limited impacts on the environment or the public at
OU 1 Installing additional extraction wells would have minor impacts on site soils and flora

Implementability

This alternative 18 also readily implementable It includes the continuation of groundwater
momitoring activities the continued operation of the french dramn, and installation of several
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additional groundwater extraction wells The implementabihity of this alternative would not be
limited by the availability of services and materals nor would there be any significant technical
or admimstrative dufficulties associated with this alternaive Continuation of groundwater
monitoning activities would effectively track any additional COC migration Also implementing
this alternative would not hmit the ability to perform future remedial actions if they are
determined to be necessary

Extraction wells can be nstalled with httle difficulty using standard dniling techmques and
standard construction matenals that are commonly used for well construction and are readily
available Operating the additional extraction wells would not require any additional specialized
personnel or tramning The Building 891 water treatment system has sufficient capacity to treat
the quantiies of water extracted by the additional wells

No admimstrative dafficulties are anticipated under this alternative Coordinating activities with
agencies and obtaimng the appropnate permits 1s not expected to present any problems

Cost

Caprtal costs for this alternative include the costs for four new groundwater extraction wells (six
inch diameter 20-foot depth) and associated piping pumps and instrumentation The capatal
cost for Alternative 3 1s $305 000 O&M and post-closure activities for Alternative 3 include
the operation of the additional extraction wells and the Building 891 water treatment system and
groundwater momtorng The present worth value for O&M for Alternative 3 1s $15 603 300
the post-closure cost 1s $1,740 400 The total cost of this alternative 1s therefore $17 648,700
A detailed cost estimate for capital and O&M costs for this alternative 1s included in Appendix

This alternative would remove contaminated groundwater by pumping 1t to the surface and
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treating 1t 1n the Butlding 891 water treatment system It would also remediate residual sources
of contamination in the subsurface soils by SVE The alternative targets all contaminants
dissolved mn the groundwater as well as sources of residual organic contamination such as
DNAPLs A detailed soi1l gas survey consisting of approximately 100 soil gas probes would
be conducted to determine more precise locations of residual contamimnants The survey would
take approximately six months The results of this survey would be used to determine areas
requinng treatment For the purposes of detailed analysis however only the previously
identified source area within IHSS 119 1 will be considered

The treatment zone would first be dewatered by pumping from the existing groundwater
extraction well and two additional extraction wells These pumps would be operated
mtermittently to keep the source area dewatered All groundwater collected would be piped to
the french drain sump for transfer to the Building 891 water treatment system Imtial dewatening
15 expected to take 60 to 80 days, with intermittent operation continung afterwards to keep the
treatment zone dewatered throughout the entire remedial action Approximmately 80 000 gallons
of groundwater 1s expected to be recovered, assuming that this alternative 1s implemented during
a low water table elevation period

Once dewatered SVE would be applied at the source area to volatilize and remove any residual
sources of organic contammation Approximately 15 vapor extraction wells would be dnilled
m the source area and comnected to a vacuum pump thus inducing a vapor flow in the
subsurface toward the extraction wells The increased vapor flow would volatihize aqueous

adsorbed and free phase contaminants and remove vapor phase contaminants with the evacuated
airr A plan view of the SVE system layout 1s illustrated in Figure 4-1

The size and number of vapor extraction wells pump sizes flow rates and vacuum
requirements were determined based on the results of the ongoing SVE treatability study at OU 2
1n conjunction with the model HyperVentilate Preliminary results from the OU 2 study indicate
a 45 foot radwus of influence was achieved 1n the silty sand matrix of OU 2 soils This radius
of influence was estimated by extrapolating observations of a six inch H,O vacuum 20 feet from
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the extraction well The extraction well recovers two standard cubic feet per minute for each
foot of well screemng using a vacuum pump which produces 140 inches H,0 of vacuum at its
mlet The permeabilities observed at OU 2 have ranged from O 1 darcies to 1 darcy which are
an order of magmtude above those observed at OU 1 Imtial contaminants concentrations at
OU 2 were similar to those 1n the OU 1 source area however physical features of the OU 2
site including an excavated ditch near the treatability study zone have an undetermined
influence on system parameters For this reason estimates for parameters at OU 1 were made
using technical hiterature to supplement the results from OU 2 Based on these two sources it
15 assumed that four inch diameter extraction wells operated at 10 scfin and 120 inches H,0 of
vacuum would have a radius of influence of approximately 10 feet at OU 1

Off gas from the SVE system would be treated with exither GAC or catalytic oxidation prior to
discharge  For costing purposes, GAC usage was estimated based on expected COC
concentrations 1n extracted soil gas Based on soil sample data from the Phase Il RFI/RI

Henry s Law was used to estimate the partiioming of COCs 1n the soil vapor Calculations
suggest that the equihbrium concentrations of each VOC would be on the order of 1 mg/¢

However, because the quantites of COCs at OU 1 arc assumed to be small equibbrium
concentrations are not likely to be reached in extracted soil vapor Therefore concentrations
one order of magmtude below the Henry s Law calculated equihibnium values were used to
determine the usage rate for GAC 1n the off gas treatment system These concentrations are
considered to be conservative estumates of soil vapor COC concentrations Based on these
assumptions the SVE off gas treatment system would require approximately 3,000 pounds of
fresh GAC every three months

Because of the low adsorption efficiency of 1 1 DCE on GAC the proposed SVE system would
require two skid-mounted GAC vessels 1n senies each contammng 1 500 pounds of activated
carbon The activated carbon n the vessels would be replaced approximately every three
months the spent carbon could be treated at an off site regeneration facility

Off gas from the vacuum pump would be monitored to determine the effectiveness of the SVE
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system Intermittent operation could be employed to increase the recovery of residual sources

and decrease operating costs

The remediation time frame for this alternative would be two years mcluding six months for
soil gas surveying four years for soil vapor extraction and dewatening operations and six
months for mobilization/demobilization The french drain would be decommssioned upon
completion of remedial activities

The evaluation of the two threshold and five balancing cnitena for Alternative 4 Groundwater
Pumping and Soil Vapor Extraction 1s summanized as follows

Ths alternative would be protective of human health and the environment by removing the
contamnants from both groundwater and subsurface soils Exposure potential would be reduced
by reducing the contaminant concentrations and removing the source The french drain would
continue to capture contarmnated groundwater and prevent downgradient migration of COCs
until remediation activities are completed

Thas alternative would be protective of the environment both downgradient of and within OU 1
because 1n addition to utilizing the existing french drain to intercept contaminated groundwater
mugrating away from OU-1 the source at IHSS 119 1 would be treated using SVE

Key ARARs would be met under this altemative In particular MCLs would continue to be
achieved for groundwater COCs at Woman Creek providing long term effectiveness In
addition this alternative would provide a large degree of permanence because the source area at
THSS 119 1 would be treated However, there 1s also some degree of uncertainty as to the level
of cleanup that could be achueved for DNAPLs with SVE

Because this alternative would remediate the source at IHSS 119 1 a nisk level of 3 22x107
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would be achieved at Woman Creek Therefore the magmitude of residual nisk that would result
from the implementation of this alternative falls well below the acceptable nsk range of 10* to
10 Additionally nisk from surface soil contaminants would remain within the acceptable nsk
range of 10* to 10¢

This alternative would be completed in five years Dunng implementation there would be no
unacceptable short term nisks to the public There may be potential nsks to on site workers
from exposure to COCs 1 groundwater or soil vapor and safety hazards associated with driling
and construction activities However nsks would be mimmized through standard health and
safety practices

The results of groundwater modeling and groundwater monitoring ndicate that groundwater at
Woman Creek currently meets MCLs Modeling projected indicate that there will be no
exceedance of MCLs at Woman Creek through implementation of this alternative Groundwater
modeling results demonstrate that the highest concentration of PCE 1s 5 94x10* for ths
alternative The peak concentration occurs over a short duration and 1s below the MCL

Assumptions of the model are discussed 1n Appendix B and have included factors for natural
degradation but not volatihzation of organics

Action Specific ARARS

Comphance with the RCRA program, involving releases of hazardous constituents from SWMU’s
under Subpart F 1s a relevant and appropriate requirement  Since remediation 1s focused mostly
on the source of contamination the CAMU 15 a relevant and appropnate requirement for OU 1

Residual contamination may be left in places 1n areas of the umt however the overall quantity
of constituents will be low Comphance with the closure requirements as a disposal unit can be
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achieved with Alternative 4 under the CAMU approach

Using a so1l vapor extraction treatment system will create a temporary RCRA umit as the system
treats hazardous waste constituents Therefore the temporary umt requirements of Subpart S (6
CCR 1007 3 Subsection 264 553) are applicable to this treatment unit In addition any pre
filters HEPA filters and activated carbon used to remove volatile organics in the off gas
treatment require comphance with the following RCRA provisions

identification of hazardous waste (Part 261)

air emussion standards for process vents (Subsections 264 1032 and 264 1033)
air emussion standards for equipment leaks (Subsections 264 1056 and 1057)
land disposal restrictions (Part 268)

It 1s anticipated that the applicable requirements of RCRA can be complied with 1n operating and
decommussioning the SVE treatment unit and residuals

The Colorado sohd waste regulations are not appropniate to the CAMU unit created but are an
ARAR for disposal of any residual matenals that are not hazardous waste If sohd waste
disposal 1s necessary with the alternative, 1t will be 1n accordance with 6 CCR 1007 2 and the
sohid waste disposal regulations

Installation of additional extraction wells would be 1n accordance with the Colorado Water Well
and Pump Installation Regulations (2 CCR 402 2) Compliance with this action-specific ARAR
would be achueved

The State s air pollution control Regulation 7, for the control of VOC emuissions 1s an ARAR
and will be achieved with ths alternative It 1s anticipated the level of emussions will be below
the two ton/yr (two Ibs/hr) threshold for use of reasonably available control technology (RACT)
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Location Specific ARARS

Laws and regulations specific to wetlands and species which inhabit wetlands will be complied
with if this alternative 1s implemented There would be a short term impact to wetlands from
decommissiomng the french drain but the long term impact may be an increase in wetland
areas The State Division of Wildlife would be consulted prior to disturbance of wetland habitat
and to implement adequate mitigation measures to protect species of special concern

Under this alternative the source area at IHSS 119 1 would be remediated and the existing french
drain extraction well, and Building 891 water treatment system would continue to extract and
treat contaminated groundwater migrating from IHSS 119 1 Therefore the residual nisk would
be reduced as compared to the no action and nstitutional controls alternatives

There 1s some uncertainty that SVE will effectively remediate the residual COCs at IHSS 119 1
due to the low permeability of the soils and the general lack of documented experience in
effective DNAPL treatment at any site If residual COCs are not effectively removed dunng
remedhal activities, they may continue to act as a source of groundwater contamination

Following treatment of the source, contaminated groundwater within OU 1 would continue to
migrate away from IHSS 1191 Modehng indicates that under this alternative groundwater
would continue to meet MCLs for the COCs at Woman Creek A five year review would be
conducted, however to determine the effectiveness of this alternative

Ths alternative would provide long-term protection for potential human receptors and mimimize
the human health nsk associated with contaminated groundwater by continuing to achueve MCLs
However although the MCLs will continue to be achieved with this alternative by remediating
the soils and groundwater, this alternative may not be completely effective at removing
DNAPLs if they are present at OU 1
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Reduction of Toxicity, Mobility, or Volume Through Treatment

This alternative satisfies the NCP preference for treatment as a principal element of the
alternative Thus alternative would effectively reduce the mobility and volume of contaminants
in OU 1 by removing any secondary source of contaminants from the subsurface Groundwater
extraction would reduce the volume of COCs 1n groundwater, and soil vapor extraction would
remove COCs from the unsaturated zone Removing the secondary sources of contaminants
in conjunction with the continued operation of the french drain and extraction well will also
reduce their mobility by preventing potential additional migration

Extracted groundwater would be treated 1n the Buulding 891 water treatment system This 1s a
destructive treatment process and thus would resuit in decreased toxicity GAC from the SVE
off gas treatment system would be regenerated off site resulting 1n additional reduction n TMV

Contaminated matenals generated as a result of this alternative include GAC from the off gas
treatment system and spent 1on exchange resins from the Building 891 water treatment system
GAC could be shipped off site to be regenerated, and ion exchange resins would be regenerated
on site There are no significant nsks associated with handhing and shipping eisther the spent
activated carbon or 10n exchange resins

Short Term Effectivencss

Potential short term impacts on the environment associated with this alternative include a minor
amount of disturbance to the soil and displacement or loss of vegetation during construction
activities such as bmilding and dnlling Additional short term nisks to the public are mimimal
for this alternative

Potential nsks to workers dunng remediation activities include potential exposures to COCs 1n
extracted groundwater or soil vapor There are also safety hazards associated with dnlling and
other construction activites Risks to workers would be mummized through standard
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construction and process equipment operation safety practices

Implementability

This alternative would be readily implementable Soil vapor extraction 1s a commonly used
technology that does not require any umque or unusual equipment The implementabihity of this
alternative would not be imited by the availability of services and matenals nor would there
be any sigmficant techmical or adminstrative difficulties associated with this alternative

Implementing thus alternative would not limit the ability to perform future remedial actions, if
any are determined to be necessary Groundwater monitoring programs continued under this
alternative would continue to track any movement of COCs

Vapor extraction wells can be installed using standard dnihing techmques and standard
construction materials that are readily available Operation of the SVE system would not require
highly specialized personnel or tramming Spent GAC from the off-gas treatment system could
be sent off site for regeneration Spent 10n exchange resin from the Building 891 water
treatment system would be sent off site for appropnate disposal Admmstrative requirements
for this alternative would include obtamng an air emissions permit for the SVE off gas

Cost

Costs for this alternative include the costs for the following items

soil gas survey (approxamately 100 probes)

two groundwater extraction wells (six inch diameter 20-foot depth)

15 vapor extraction wells (four inch diameter 20-foot depth)

two vapor extraction systems with blowers filters and other appurtenances
activated carbon adsorption system (two vessels contaimng 1 500 pounds each)
associated piping, pumps and instrumentation

UV/peroxide/ion exchange water treatment system operation

groundwater momtoring for 30 years
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The capital cost for Alternative 4 1s $929,300 O&M and post closure activities for Alternative
4 include the operation of the SVE system for one year the operation of the existing french

drain and Building 891 water treatment system until completion of remediation and groundwater
momntonng for 30 years The present worth of the O&M costs for this alternative 1s $5 358 700
the post closure cost 1s $1 853 800 The total cost of this alternative 1s $8 141 800 A detailed
cost estimate for capital and O&M costs for this alternative 18 mncluded in Appendix E

This alternative would remove contaminated groundwater by pumping 1t to the surface and
treating 1t 1n the Building 891 water treatment system It would also remedhate residual sources
of contamination 1n the subsurface soils by SVE with thermal enhancement The aiternative
targets all contaminants dissolved 1n the groundwater as well as sources of residual orgamc
contamination such as DNAPLs Imtially a detaled soil gas survey, consisting of
approximately 100 soil gas probes would be conducted to determine more precise locations of
residual contaminants The survey would take approximately six months The results of this
survey would be used to determine areas requiring treatment For the purposes of this detailed
analysis only the previously identified source area within IHSS 119 1 will be considered for
treatment

As with Alternative 4 the treatment zone would first be dewatered by pumping from the existing
groundwater extraction well and two additional extraction wells All groundwater collected
would be piped to the french drain sump for transfer to the Building 891 water treatment system

Imtial dewatering 1s expected to take 60 to 80 days with intermittent operation continuing
afterwards to keep the treatment zone dewatered throughout the entire remedial action

Approximately 80,000 gallons of groundwater are expected to be recovered

Once dewatered, thermally enhanced SVE would be applied to the treatment zone to volatilize
and remove any residual sources of orgamic contammation Just as with Alternative 4
approximately 15 vapor extraction wells would be drilled in the source area The SVE system
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utihzed 1n this alternative would be the same as was described for Alternative 4 based on the
results of the OU 2 treatability study To reduce the remediation time frame subsurface
temperatures would be raised to approximately 260 °C using radio frequency antennae  All of
the vapor extraction wells would be constructed to accommodate the RF antennac The
increased vaporization caused by the elevated temperatures would result in a reduction 1n
remediation time as compared to unenhanced SVE

Off gas from the SVE system would be treated with GAC or catalytic oxidation prior to
discharge as described for Alternative 4 The proposed SVE system would require two skid
mounted GAC vessels 1n sernies each contaimung 1 S00 pounds of activated carbon The
activated carbon 1n the vessel would be replaced approximately every three months the spent
carbon could be treated at an off site regeneration facility Carbon replacement may be required
more frequently than every three months depending on the efficiency of the RF heating process

Off gas from the vacuum pump would be monitored to determine the effectiveness of the
enhanced SVE system Intermittent operation could be employed to increase the recovery of
residual sources and decrease operating costs The remediation time frame for this alternative
18 three years, including six months for soil gas surveying two years for soil vapor extraction
and dewatering operations, and six months for mobiization/demobilization The french dramn
would be decommussioned upon completion of remedial activities

The evaluation of the two threshold and five balancing critena for Alternative 5 Groundwater
Pumping and Soil Vapor Extraction With Thermal Enhancement are summanzed as follows

Thas alternative would protect human health and the environment by removing the contaminants
from both groundwater and subsurface soils Exposure potential would be reduced by reducing
the contaminant concentrations and removing the source The existing french dramn and
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extraction well would continue to capture contaminated groundwater and prevent downgradient
magration of COCs

This alternative would be protective of the environment both downgradient of and within OU 1
because 1n addition to utilizing the existing french drain to intercept contaminated groundwater
migrating away from OU 1 the source at IHSS 119 1 would be remediated

RF heating may have some negative impacts on the soils at OU 1 due to the hugh temperatures
that are reached duning operation While the elevated temperatures may increase the
effectiveness of treatment for the COCs, they may be harmful to subsurface biota

Key ARARs would be met for this alternative In particular modeling shows that MCLs would
continue to be achieved for groundwater COCs at Woman Creek providing long term
effectiveness In addition this alternative would provide a large degree of permanence because
the source area at IHSS 119 1 would be treated However there 1s also some degree of
uncertainty as to the level of cleanup that could be achieved for source area DNAPLs with the
enhanced SVE technology

Because this alternative would remediate the source at IHSS 119 1 modeling shows that a nisk
level of 3 22x107 would be achieved at Woman Creek Therefore the magmtude of residual
nsk that would result from the implementation of this alternative falls well below the acceptable
nisk range of 10 to 10° Additionally, nisk from surface soil contamnants would remain within
the acceptable nisk range of 10* to 10°

Alternative 5 would be completed within three years During implementation there would be
no unacceptable short term nisks to the public There may be potential nsks to on-site workers
from exposure to COCs 1n groundwater or soil vapor and safety hazards associated with
dnlling construction activities, and operating the RF heating elements However, nsks would
be mumumized through standard health and safety practices

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 4-45



The results of groundwater modeling and groundwater montoring indicate that groundwater at
Woman Creek currently meets MCLs  Modeling results indicate that there will be no
exceedance of MCLs at Woman Creek through implementation of this alternative Groundwater
modeling results demonstrate that the highest concentration of PCE 1s 5 94x10* mg/¢ for this
alternative The peak concentration occurs over a short duration and 1s below the MCL
Assumptions of the model are discussed 1n Appendix B and have included factors for natural
degradation but not volatilization Alternative 5 and Alternative 4 are the same in terms of
comphiance with ARARs with few exceptions The exceptions are noted m the following
discussions of action specific and location specific ARARs

Action Specific ARARs

The action specific ARARSs associated with Alternative § are the same as presented i Alternative
4 Comphance with RCRA requirements for a temporary umt CAMU identification of
hazardous waste storage of hazardous waste disposal of hazardous waste, and organic air
emissions and leaks from the treatment unit will be achieved The possible difference 1n the two
alternatives may be the amount of organic constituents left 1n the OU 1 general area It 1s
possible that the thermal enhancement will leave shghtly less contamunant pockets and soil vapor
around extraction well locations, assuming air drymg techmques are effective and the vapor
generation rate 1s controlled Closure of the CAMU would 1nvolve less contaminants left in

place

Other action specific ARARs are anticipated to be complied with 1n the same manner as was
discussed under Alternative 4
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Location Specific ARARs

The areas of heaviest organic contamination are at IHSS 119 1 and 119 2 Assuming additional
extraction wells are placed around these areas away from the french drain and Pond C 1
destruction of npanan vegetation and fauna durning thermal enhancement will be mimmal
Therefore the habitat and fauna such as Preble s meadow-jumping mouse will remain intact
Thas species 1s of special concern not threatened or endangered under State or Federal law
It 15 anticipated that comphance with DOE wetland protection regulations and the State s law
concerming non game species will be achieved with implementation of this alternative  Should
1t be necessary niparian habitat would be replaced 1f it 15 destroyed by the thermal technology

Impacts from decommussioning the french drain would be the same as has been discussed for
all previous alternatives The wetland protection regulations and non game species laws would
be complied with if ths alternative 1s selected

Long Term Effectiveness and Permanence

Similar to Alternative 4 this alternative would remediate the source area at IHSS 119 1 and the
existing french drain extraction well and Building 891 water treatment system would continue
to extract and treat contaminated groundwater migrating from IHSS 1191 Therefore the
residual nsk would be reduced as compared to the no action and nstitutional control alternatives

Thas alternative may provide more effective and permanent treatment as compared to Alternative
4 because enhancing SVE with RF heating may more effectively remove residual COCs trapped
within the less permeable soils at OU 1 However 1t 1s uncertain whether enhanced SVE or
other 1n situ technologies can effectively remediate DNAPLs at 119 1 due to the general lack
of documented success 1n treating DNAPLs at any site

This alternative would provide long-term protection for potential human receptors and mimmize
the human health nsk associated with contaminated groundwater by continuing to achieve
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groundwater MCLs at Woman Creek However although this alternative may continue to
effectively achieve the MCLs by remediating the soils and groundwater 1t may not be
completely effective at removing DNAPLs if they are present at OU 1 Following treatment
of the source contaminated groundwater within OU 1 would continue to migrate away from
THSS 119 1 Modeling indicates that under this alternative groundwater would continue to meet
MCLs for COCs at Woman Creek A five year review would be conducted to determine the
continued effectiveness of this alternative

Contaminated matenals generated as a result of this alternative include spent carbon from the
SVE off gas treatment system and spent ion exchange resins from the Building 891 water
treatment system There are no significant risks associated with handling and shipping either

the spent carbon or the ion exchange resins

This alternative satisfies the NCP preference for treatment as a principal element of the
alternative Thus alternative would effectively reduce the mobihity and volume of contaminants
mn OU 1 by removing any secondary source of contamnants from the subsurface Groundwater
extraction would reduce the volume of COCs n groundwater and soil vapor extraction would
remove COCs from the unsaturated zone Removing the secondary sources of contaminants
would also reduce their mobility by preventing potential additional migration

Extracted groundwater would be treated 1n the Building 891 water treatment system Ths 1s a
destructive treatment process and thus would result in decreased toxicity GAC from the SVE
off gas treatment system could be regenerated off site resuling in additional reduction 1n
toxicity

Contaminated matenials generated as a result of this alternative include activated carbon from
the off gas treatment system and spent 10n exchange resins from the Building 891 water
treatment system Both wastes would be shipped off site for treatment and eventual disposal
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There are no significant nisks associated with handling and shipping either the spent activated

carbon or 10n exchange resins

Short Term Effectiveness

Potential short term impacts on the environment associated with this alternative mnclude a minor
amount of disturbance to the soil and displacement or loss of vegetation during construction
activiies In situ soiul heating may have additional impacts on subsurface biota due to the mgh
temperatures that are reached during operation Potential short term impacts to the public are
mimmal under this alternative

Potential nsks to workers dunng remediation activities include potential exposures to COCs 1n
extracted groundwater or soil vapor There are also safety hazards associated with drilling and
other construction activiies as well as with the operation of the RF heating devices Rusks to
workers would be mummized through standard construction and process equipment operation
safety practices

Implementability

This alternative would be readily implementable Soil vapor extraction 1S a proven and
commonly used technology that does not require any umque or unusual equipment Although
RF heating 1s a less common technology, 1t 1s readily available through specialized vendors

The implementability of this alternative would not be limited by the availability of services and
matenals nor would there be any sigmficant techmcal or admmstrative difficulties associated
with this alternative

Implementing this alternative would not limit the ability to perform future remedial actions if
any are determuned to be necessary Groundwater monitoring continued under this alternative
would to track any movement of COCs

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 4-49



Vapor extraction wells can be installed using standard dnlling techmques and standard
construction matenials that are readily available Operation of the SVE system would not require
highly specialized personnel or training however using the RF heating antennae would require
a certain amount of special trammng or assistance from the vendor The RF antennae can be
easily installed in one or several of the vapor extraction wells and can be easily moved from one
well to another, as required RF heating does not produce any residuals

Admmstrative requirements for this alternative would include obtaining an air emissions permit
for the SVE off gas Spent GAC from the off gas treatment system could be sent off site for
regeneration Spent 1on exchange resin from the Building 891 water treatment system would
continue to be regenerated on site

Cost

Costs for this altemative mnclude the costs for the following items

soil gas survey (approxunately 100 probes)

two groundwater extraction wells (six inch diameter, 20-foot depth)

15 vapor extraction wells (four-inch diameter, 20-foot depth)

two vapor extraction systems, with blowers filters and other appurtenances
activated carbon adsorption system (two vessels contamming 1 500 pounds each)
radio frequency heating umt

associated piping, pumps, and instrumentation

UV/peroxide/ion exchange water treatment system operation

groundwater momtoring for 30 years

The capital cost for Altemative 5 1s $1 845 700 O&M and post-closure activities for
Alternative 5 includes operation of the enhanced SVE operation of the existing french dramn
and operation of the Building 891 water treatment system until the completion of remediation
Groundwater monitoring for 30 years 1s also included The present worth of the O&M costs for
this alternative 1s $3,845 700 the post-closure cost 1s $1 811,700 The total cost of ths
alternative 1s $7,503 100 A detailed cost estimate for capital and O&M costs for this alternative

18 included mn Appendix E
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427 Alternative 6. Hot Air Injection With Mechamical Muxing

Thas alternative would remediate groundwater by pumping 1t to the surface and treating 1t 1n the
Building 891 water treatment system It would also remove residual sources of contamination
from the so1l with a combination of 1 situ mechanical mpxing and so1l vapor extraction with hot
arr mjection The alternative targets dissolved adsorbed vapor and free phase DNAPL
contamunation A detailed soil gas survey consisting of approximately 100 soil gas probes

would be conducted mmtially to determine locations within the source area that require
remediation

The treatment zone would mitially be dewatered by pumping the existing groundwater extraction
well Ths 1s expected to take approximately five days since the well 1s currently n operation
and the water table 1n the vicinity 1s already depressed The area near the existing well would
then be treated using a portable system that combimnes mechamcal mixing and thermal
enhancement with conventional SVE techniques This 1s an mnovative propnety technology
which 1ncreases the rate of soil vapor recovery through vigorous mixing and thermally enhanced
volatilization The ng-mounted equipment consists of a 10-foot diameter auger capable of
muxing soul to a depth of 20 feet while injecting hot air  Soil vapors are recovered at the surface
through a 12 foot diameter shroud The physical mixing ensures exposure of all treated soils
to lugh volume air flow and elunnates channehing and dead zones The combination of mixing
and enhanced volatilization reduces treatment time and increases contaminant removal
effectiveness 1n heterogenous or tightly consohidated media such as 1s present at OU 1 A plan
view of Alternative 6 1s shown 1n Figure 4-2

As the system moves from one soil column to the next, groundwater extraction wells would be
mstalled and removed from various locations 1n the treated unconsolidated material to ensure that
the treatment zone 1s kept dewatered duning treatment Several wells would be installed
permanently as groundwater momitoring locations

The remedial time frame for this treatment method is highly dependent on site conditions and
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the volume of soil requiring remediation The system would operate for approximately three
months and treat approximately 4 S00 cubic yards of soil The french drain would be

decommussioned upon completion of remedial activities

The evaluation of the two threshold and five balancing criteria for Alternative 6 Hot Aur
Injection With Mechamcal Mixing are summarnized as follows

This alternative would be protective of human health and the environment by removing the
contaminants from both groundwater and subsurface soils at IHSS 119 1 Exposure potential
would be reduced by decreasing the contamnant concentrations and removing the source The
existing french drain and extraction well would continue to capture contaminated groundwater
and prevent downgradient migration of COCs

Thas alternative would be protective of the environment both downgradient of and withun OU 1
because 1n addition to utihizing the existing french drain to intercept contaminated groundwater
migrating away from OU 1, the source at IHSS 119 1 would be remediated

Hot air injection may have some negative impacts on the soils at OU 1 due to the high
temperatures that are reached during operation Whule the elevated temperatures may increase
the effectiveness of treatment for the COCs they may be harmful to subsurface biota This
technology may also have a higher potential to spread the contaminants away from the treatment

zone

Alternative 6 would meet key ARARs In particular MCLs would continue to be achieved for
groundwater COCs at Woman Creek, providing long term effectiveness In addition ths
alternative would provide permanence to the degree that 1t could effectively treat the source area
at THSS 1191 However, there 1s some uncertainty as to the level of cleanup that could be
achieved for DNAPLs with this technology
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Because this alternative would remediate the source at IHSS 119 1 modeling shows that a rnisk
level of 3 22x107 would be achieved at Woman Creek respectively Therefore the magmitude
of residual nisk that would result from the implementation of this alternative falls well below the
acceptable nisk range of 10 to 10° Rusk from surface soil contaminants would remain within
the acceptable nsk range of 10* to 10

This alternative would be completed 1n approximately one year Dunng implementation there
would be no unacceptable short term nisks to the public There may be potential risks to on site
workers from exposure to COCs 1n groundwater or soil vapor and safety hazards associated
with construction activities the hot air injection and operation of the mechanical mixing tool

However nsks would be mummized through standard health and safety practices

The designation of ARARSs for this alternative 1s the same as has been presented 1n Alternative
4and 5 Smmilarly, the comphance with these ARARSs 1s the same that 15 Alternative 6 will
comply with chemical-specific, action specific and location specific ARARs The following
discussions mention the vanations of technology and implementation where 1t 1s important to
comphance with ARARs

Chemical Specific ARARs

The results of groundwater modeling and groundwater momtoring indicate that groundwater at
Woman Creek currently meets MCLs Modeling results also indicate that there will be no
exceedance of MCLs at Woman Creek through implementation of this alternative Groundwater
modeling results demonstrate that the ighest concentration of PCE period 1s 5 94x10* mg/¢ for
this alternative The peak concentration occurs over a short duration and 1s below the MCL
Assumptions of the model are discussed in Appendix B and have included factors for natural
degradation but not volatihzation of organics
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Action Speaific ARARs

Comphance with the RCRA requirements for

wdentification of hazardous waste treatment residuals (off gas treatment system)
storage of hazardous waste treatment residuals

disposal of hazardous waste treatment residuals

organic air emission leaks from the treatment system

a temporary umt

a CAMU can be achieved with this alternative

The CDPHE would need to designate OU 1 a CAMU and establish the closure and any
groundwater monitoring requirements in comphance with the RCRA regulations (6 CCR 1007

3) Altermative 6 similar to Alternative 5 may enhance the amount of orgamics that can be
extracted from the soil and soil vapor, assuming mechamical mixing and hot air 1njection work
effectively It 1s possible that these combined technologies will leave shghtly less contaminants
i the CAMU area at the tume of closure than Alternative 4

Other action specific ARARs would be complied with 1n a manner sumilar to Alternative 4 and
5

Location Specific ARARs

It 1s assumed that mechamcal mixing hot air injection and additional extraction wells will be
placed within or near IHSS 119 1, away from the french drain and Pond C 1 Therefore the
habitat and fauna such as Preble s meadow jumping mouse will remain intact This species 18
of special concern not threatened or endangered, under State or Federal law It 1s anticipated
that comphance with DOE wetland protection regulations and the State s law concerming non
game species will be achieved with implementation of this alternative Should 1t be necessary
nipanian habitat would be replaced if 1t 1s destroyed by the thermal technology
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Long Term Effectiveness and Permanence

This alternative would remediate the source area at IHSS 119 1 and the exasting french drain
extraction well and treatment system would continue to extract and treat contaminated
groundwater migrating from IHSS 119 1 Therefore the residual nsk would be reduced as
compared to the no action and mnstitutional control alternatives

Ths alternative may provide more effective and permanent treatment as compared to the SVE
alternatives Alternatives 4 and 5, because mechamical mixing and hot air mjection would more
thoroughly remove residual COC concentrations from the soil There 1s some uncertainty
however, that the COCs at IHSS 119 1 can be effectively remediated due to the low permeabihity
of the soils and the general lack of documented expenience 1n effecive DNAPL treatment at any
site If residual COCs are not effectively removed during remedial activities they may continue
to act as a source of groundwater contamination

Following treatment of the source contamunated groundwater within OU-1 would continue to
migrate away from IHSS 1191 Modeling indicates that under this alternative groundwater
would continue to meet MCLs for the COCs at Woman Creek A five year review would be
conducted to determine the continued effectiveness of this alternative

Thas alternative would provide long-term protection for potential human receptors and mimmize
the human health risk associated with contaminated groundwater by continuing to achueve MCLs
at Woman Creek However, although the MCLs can continue to be achieved with this
alternative by remediating the soils and groundwater, thus alternative may not be completely
effective at removing DNAPLs if they are present at QU 1

Contaminated matenals generated as a result of this aiternative include spent carbon from the
remediation equipment off-gas treatment system and spent 1on exchange resins from the Building
891 water treatment system The spent GAC would be shipped off site for regeneration and the
spent 10n exchange resin could continue to be regenerated on site  There are no sigmificant risks
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associated with handhing and shupping either the spent carbon or the 10n exchange resins

Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative 6 would satisfy the NCP preference for treatment as a principal element of the
alternative This alternative would effectively reduce the mobility and volume of contaminants
in OU 1 by removing any secondary source of contaminants from the subsurface Mechamcal
muxang and hot air 1mjection would reduce the volume of COCs 1n subsurface soil 1n both the
saturated and unsaturated zones Removing the residual sources of contaminants will also reduce
therr mobility by preventing potential additional migration

Extracted groundwater would be treated in the Building 891 water treatment system This 1s a
destructive treatment process and thus would result 1in decreased toxicity GAC from the off gas
treatment system would be regenerated, resulting in additional reductions in toxicity

The hot air injection and mechanical muxang technology utilizes so1l vapor extraction to control
COCs volatihized by the mpang and increased temperatures However the technology may
actually increase the mobility of contaminants by spreading them beyond the boundanes of the
treatment zone

Contaminated matenials generated as a result of this alternative include activated carbon from
remediation equipment off gas treatment system and spent ion exchange resins from the Building
891 water treatment system There are no significant nsks associated with handling and shupping
either the spent activated carbon or 10n exchange resins

Short Term Effectiveness

This alternative would have sigmificant short term impacts on the environment within the
treatment zone at IHSS 119 1 Impacts include disturbance to the soil and displacement or loss
of vegetation during remedial activities The hot air injection and thorough mechamcal mpang
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would have severe impacts on subsurface biota due to the high temperatures that are reached
during operation Potential short term impacts to the public are mimimal under this alternative

Potential nisks to workers duning remediation activities include potential exposures to COCs 1n
extracted groundwater or in soul vapor There are also safety hazards associated with the
operation of the mechamical mixing equipment Muxing the soil would increase the risks
associated with operating heavy equipment in QU 1 whuch 1s charactenized by highly unstable
soils The nisks to workers would be mmmized through standard construction and process
equipment operation safety practices

Implementability

Thas alternative would be readily implementable Although the technology that would be utihzed
1n this alternative 1s not as common as those for the other remediation alternatives equipment
for hot air injection and mechamical moxang 1s readily available The implementability of this
alternative would not be limited by the availability of services and matenals, nor would there
be any sigmficant admmstrative dufficulties associated with this alternative

There are several potential technical problems that may be encountered if this alternative 1s
mmplemented Farst, the technology may be difficult to implement at OU 1 due to the claystone
matenal that 18 found m the subsurface The formation 1s lhughly unstable which may present
safety problems during remedial operations In addition as the remediation progresses the
remediation zone would become completely mixed saturated, and soft Installing the necessary
dewatering and momtoring wells wnto the treatment zone may not be possible 1f a dnll ng can
not be driven onto this matenial

Adminstrative requirements for this alternative would include obtaining an air emissions permit
for the off gas system Spent 10n exchange resin from the Building 891 water treatment system
could continue to be regenerated on site
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Cost

Costs for this alternative include the costs for the following items

so1l gas survey (approximately 100 probes)

five groundwater extraction wells (six inch diameter 20 foot depth)
mechamcal mixing unit

associated piping pumps and instrumentation

UV/peroxide/ion exchange water treatment system operation
groundwater momtoring for 30 years

The capital cost for Alternative 6 1s $1 354 400 O&M and post-closure activities for
Alternative 6 include the operation of the existing french drain and Building 891 water treatment
system until completion of remedial activities and groundwater momtoring for 30 years The
present worth O&M cost for thus alternative 1s $1 887 300 the post-closure cost 1s $1 789 100
The total cost of this alternative 1s $5 030 800 A detailed cost estimate for capital and O&M
costs for this alternative 1s included 1n Appendix E

Thus alternative consists of the excavation of approxamately 20 000 cubic yards of unsaturated
and potentially saturated soil from IHSS 1191 The amount of groundwater collected from
dewatening the excavation would be approximately 80,000 gallons depending on the seasonal
level of the water table Standard submersible pumps would be utihized to pump the
groundwater to the OU 1 french drain sump pump which would then direct the water to the
Building 891 water treatment system for final treatment and discharge

The top soul located within the excavation area would be scraped and stockpiled on site to be
treated with top sois from OU 2 at a later ime and the subsurface soils excavated and
transported to a staging area constructed within 300 feet of the excavation The soil removed
from the excavation could not be replaced because even treated soils could not be certain to be
protective of groundwater MCLs The low orgamc carbon content of the soil favors partiioning
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to the aqueous phase, therefore very small concentrations of VOCs 1n soil could result in
aqueous phase concentrations greater than the MCLs Based on a fraction of orgamic carbon (f,.)
of 0 002 for the soils at OU 1 (DOE 1994a) the concentrations of COCs 1n soil that would be
required to be protective of groundwater MCLs are below detection himits and therefore too low
to venfy Therefore all excavated soils would need to be disposed off site Prior to being
disposed 1n an off site hazardous waste landfill however the soil would require treatment to
meet the Land Disposal Restriction treatment standards for each constituent The treatment
standards for 1 1 DCE CCL, PCE and 1 1 1 TCA are 33 mg/kg (proposed) 5 6 mg/kg 5 6

mg/kg and 5 6 mg/kg respectively

The excavated soil stockpiled 1n the staging area would be dewatered and then treated by a skid
mounted thermal desorption umt The duration of this alternative has been estimated to be nine
months although 1t 1s highly dependent upon the capacity of the thermal desorption umit
Radiological momtoring would be conducted for the duration of the alternative A plan view
of Alternative 7 1s illustrated 1n Figure 4-3

Thermal desorption 1s a commercially available proven technology for the removal of volatile
orgamcs from soil A conveyor feeds the soil to the thermal desorption umit which raises the
temperature of the soil to 343 °C to volatihize the VOCs The thermal desorption umt would
be equipped with a baghouse to remove any particulates from the exhaust stream and an off gas
treatment unit such as a catalytic oxadizer, for the destruction of any remammng VOCs and
carbon monoxide The treated ar could then be emitted to the atmosphere A thermal
desorption unit could be obtained locally and mobilized on site in one day

Following treatment, the soil would be packaged and shipped to a licensed facility located within
100 mules of the site It should be noted that there 1s currently a proposed rule which states that
if the soil were to be treated to meet the proposed Umversal Treatment Standard for each
contaminant of concern 1t may be possible to put the soil back into the excavation following
treatment However given the geology of the site there 15 a possibility that the soils treated
to erther of these standards could contaminate the groundwater above MCLs if 1t were placed
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back nto the excavation It has therefore been assumed that the soil would require shipment to
an off site disposal facility

Extensive groundwater momtoring would not be required for this alternative because the source
of contamination would be removed Groundwater momitoring would be continued to evaluate
the effectiveness of the removal action Short term air monitoring would be required dunng
excavation activities The french drain would be decommussioned upon completion of remedial
activities

The evaluation of the two threshold and five balancing cntena for Alternative 7  Soil
Excavation and Groundwater Removal With Sump Pumps are summanzed as follows

This alternative would be protective of human health and the environment by excavating and
treating subsurface soils, and pumping and treating groundwater at IHSS 1191 Exposure
potential would be reduced by decreasing the contaminant concentrations and removing the
source The existing french drain and extraction well would continue to capture contaminated
groundwater and prevent downgradient migration of COCs

This alternative would be protective of the environment both downgradient of and withun OU 1
because 1n addition utiizang the existing french drain to mtercept contaminated groundwater
migrating away from OU 1, the source at IHSS 119 1 would be remediated

This alternative would meet key ARARs In particular, MCLs would continue to be achieved
for groundwater COCs at Woman Creek, providing long-term effectiveness This alternative
would also provide the greatest degree of permanence of all the treatment alternatives because
excavating the source area would be the most effective way to remove DNAPLs

Alternative 7 would have a significant impact on the environment due to the large excavation
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and matenal transportation requirements Excavating the entire source area would negatively
impact the flora and subsurface biota However there are no sigmficant long term effects
anticipated from this alternative

Because this alternative would remediate the source at IHSS 119 1 a nisk level of 3 22x107
would be achieved at Woman Creek respectively Therefore the magmtude of residual risk that
would result from the implementation of this alternative falls well below the acceptable nsk
range of 10% to 10° Additionally nsk from surface soil contaminants would remain within the
acceptable nisk range of 10* to 10¢

Thus alternative would be completed within one year During implementation there would be
the potential for nisk to the public due to potentially contaminated air borne dust generated
during excavating activities and the transportation of large quantities of excavated soils off site
There may also be potential nsks to workers from exposure to COCs 1n groundwater or air
borne dust Workers would also have potential safety hazards associated with operating the
earth-moving equipment and the thermal desorption umit However nisks to workers would be
mmmmzed through standard health and safety practices

The ARARSs associated with this alternative are very similar to those presented and discussed for
Alternatives4 5 and 6 Alternative 7 can comply with chemical-specific location specific and
action specific ARARs The major difference of thus alternative from 4, S and 6 1s the
excavation of soil to groundwater the subsequent aboveground treatment of soils and disposal
of soils ;n a RCRA facility The management of soils will require comphance with the
hazardous waste land disposal restricions The following paragraphs summanize the comphance
with ARARs status for this alternative
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Chemical Specific ARARS

The results of groundwater modeling and groundwater monitoring indicate that groundwater at
Woman Creek currently meets MCLs Modeling results also indicate that there will be no
exceedance of MCLs at Woman Creek through implementation of this alternative Groundwater
modeling results demonstrate that the highest concentration of PCE 1s 5 94x10* mg/¢ for this
alternative The peak concentration occurs over a short duration and 1s below the MCL

Assumptions of the model are discussed 1n Appendix B and have included factors for natural
degradation but not volatihization of orgamcs

Action Speaific ARARs

Comphiance with the following RCRA requirements will be accomphshed

1dentification of hazardous waste treatment residuals

treatment of contaminated soil 1n a temporary umt

disposal of hazardous waste treatment residuals and soil

monitoring of organic air emisston equipment leaks and process vents
a CAMU for OU 1

Although the source of the majonty of contamination would be removed with this alternative
because some unknown amount contamination would be left in place CDPHE would need to
designate OU 1 as a CAMU It 1s anticipated that once groundwater 1s removed and treated 1n
the Building 891 water treatment system and soil 1s treated and disposed of off site the
requirements for groundwater momitoring and post-closure of the CAMU could be mimimal

It 1s possible that EPA s proposed defimtion of soil contammnated with hazardous waste could
be promulgated prior to the final CAD/ROD It 1s anticipated that this alternative would meet
the proposed changes to the definition of hazardous waste

Other action specific ARARs such as Regulation 7 Control of VOC Emussions of the Colorado
air pollution regulations, will be comphed with 1n operating the desorption umit Levels of

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 4 64

e e B il i s [

ol ™



emissions are anticipated to be below two tons/year of VOCs

Location Specific ARARs

This alternative would involve placement of a PVC pipe from the excavated area of
contamination to the exasting french drain sump Although the area involved n construction
activity would be small, there would be a short term impact to rniparian/wetland areas around the
french drain Any npanan vegetation which 1s destroyed would be replaced according to DOE
regulations on wetland protection This assumes 1t 1s determined that there are no other
alternatives which could achieve the same or simlar result

This alternative could resuit mn a negative short term impact to a State species of special
concern Mitigation measures would need to be discussed withun the State Division of Wilduife
to enable the least disruption to habitat and comphance with the State law on protection of
species of special concern, such as Preble s meadow jumping mouse

This alternative would remove contammated groundwater and soil including the residual
concentrations and any non aqueous phase that may act as a source thereby significantly
reducing potential risks to human heaith and the environment The existing french dran
extraction well and Building 891 water treatment system would continue to extract and treat
contammated groundwater mugrating from IHSS 119 1 until the concentrations of COCs 1n
groundwater at OU 1 are reduced below MCLs Therefore, the residual nsk would be reduced
as compared to the no action and institutional controls alternatives

Following treatment of the source, contaminated groundwater within OU 1 would continue to
migrate away from IHSS 1191 Modeling ndicates that under this alternative groundwater
would continue to meet MCLs for the COCs at Woman Creek A five-year review would be
conducted to determine the continued effectiveness of this aitemative

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 4-65

™ ol e s il T e M o oBGNRE L e oy ot e Ve R =

w okt aefie



Ths alternative would provide long term protection for potential human receptors and mimmize
the human health risk associated with contaminated groundwater by continuing to achieve MCLs
at Woman Creek However although the MCLs can be achieved with this alternative by
remediating the soils and groundwater this alternative may not be effective at removing
DNAPLs if they are present at OU 1 outside the area to be excavated

Excavated soils would be treated on site by thermal desorption and shipped for off site disposal
at a properly permutted faciity There are no sigmficant nsks associated with handling and
shipping the treated soils

Alternative 7 satisfies the NCP preference for treatment as a principal element of the alternative
This alternative would effectively and urreversibly reduce the mobility and volume of
contaminants 1n OU-1 by removing any secondary source of contaminants from the subsurface
Excavating the soils within the treatment zone would reduce the volume of COCs 1n subsurface
soils 1n both the saturated and unsaturated zones Dewatening the excavation duning remediation
would hkewise reduce COC volumes in groundwater Removing the residual sources of
contaminants will also reduce their mobility by preventing potential additional mugration

COC-contamnated soils removed from the excavation would be treated using thermal desorption
This would reduce the volume and toxicity of COCs 1n soils prior to off site disposal at a
properly permitted facility In addition extracted groundwater would be treated in the Building
891 water treatment system, which 1s a destructive treatment process and thus would result 1n
a further decrease n toxicity

Contaminated materals generated as a result of this alternative include spent 10n exchange resins
from the Building 891 water treatment system and treated soils excavated from the treatment
zone There are no sigmificant nisks associated with handling and shipping either the ion
exchange resins or the treated soils
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Short Term Effectiveness

This alternative would have sigmficant short term impacts on the environment within the
treatment zone at IHSS 1191  Short term impacts to human health and the environment
associated with this alternative include potential worker and public health exposure to airborne
dust created during excavation and the displacement or loss of vegetation

Alternative 7 would have a sigmficant short term impact on the environment due to the large
excavation and matenal transportation requirements Excavating the entire source area would
negatively impact the site flora as well as subsurface biota

Dunng implementation there would be the potential for nisk to the public due to potentially
contaminated air borne dust generated duning excavating activities and the transportation of large
quantities of excavated sous off site There may also be potential nsks to workers from
exposure to COCs 1n groundwater or air borne dust Workers would also have potential safety
hazards associated with operating the earth-moving equipment and the thermal desorption unit
However nisks to workers would be mumimized through standard health and safety practices

Implementability

Excavation would be implemented using standard earth-moving equipment However, the
potential for radionuchde contamination in the excavated soils may hmut the ability to transfer
the soils off site A large area would be required for stockpiing and treating the excavated
soils, however, there 1s sufficient space available adjacent to the area to be excavated

Excavated soils would be treated by thermal desorption a proven and commonly apphied soil
remediation technology The implementability of this alternative would not be limited by the
availability of services and matenals, nor would there be any sigmficant techmcal or
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admimistrative difficulties associated with this alternative Groundwater monitoring would be
used to determine the effectiveness of this alternative

Cost

Costs for this alternative include the costs for the following items

Conventional excavation/backfill earth moving equipment
UV/peroxide/1on exchange water treatment system operation
Thermal desorption unit

Dasposal of treated so1l at licensed facility

Associated piping, pumps and matenals

Groundwater monstoring for 30 years

The capital cost for Alternative 7 1s $11 326,100 O&M and post-closure activities for
Alternative 7 include groundwater momtonng for 30 years The present worth O&M cost for
thus alternative 1s $0 the post-closure cost 1s $1,767,600 The total cost of this alternative 1s
$13 093 700 This cost estimate does not include the cost for disposal of radionuchde
contaminated soul, if any 18 encountered A detailed cost esumate for capital and O&M costs
for thus alternative 15 mncluded in Appendix E

43 Comparative Analysis of Alternatives

This section presents the comparative analysis which assesses the relative performance of each
alternative 1n relation to each specific evaluation crnitena excluding the two modifying cniteria
(state and EPA acceptance and commumty acceptance) The comparative analysis 1s summarized
1 Table 4-1

All of the seven remedial action alternatives proposed meet key ARARs at OU-1  Specifically
under each alternative groundwater would continue to meet the MCL for PCE the indicator
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chemical at Woman Creek  Other contaminants appear in orders of magnitude lower
concentrations (see Appendix B) All of the remedial action alternatives also satisfy the criterion
of overall protection of human health and the environment by continuing to achieve groundwater
MCLs at Woman Creek for the COCs 1dentified at OU 1 For all alternatives nisk levels for
a receptor at Woman Creek would be less than 2x10° Alternatives 0 1 2 and 3 would each
satisfy the criterion although they do not address the source area at IHSS 119 1 Treatment
alternatives 4 5 6 and 7 would likewise satisfy the criterion although to a greater extent

Alternative 0 No Action would result 1n the highest nisk of all the alternatives although this
nsk (2x10%) 1s still within the established protective nisk range of 10* to 10¢  Alternative 1
would not present any human health nisk because the entire RFETS site would be restricted
under this scenano thus ehminating the potential for exposure Alternatives 2 and 3 would have
the next lowest nisk for a receptor at the edge of the operable umt these two alternatives mnvolve
the continued operation of the existing french drain and extraction well and result 1n a nisk of
4 76x10° at Woman Creek The four alternatives that address the source at IHSS 119 1
Alternatives 4, 5, 6, and 7, have shghtly hugher nsk levels because under these alternatives the
french drain 1s decommussioned as soon as the source 1s remediated, allowing low concentrations
of contaminants to continue mugrating away from OU 1 However these concentrations drop
off rapidly after remediation 1s complete and result in lower long term risks to human receptors
3 22x107

To the extent that COCs would be removed and treated Altemmatives2 3 4 5 6 and 7 would
all provide some degree of permanence However, the source treatment alternatives (4, 5 6
and 7) would be more effective 1n the long term  Altenative 7 which would remove the source
by excavation would provide the most permanence because of the uncertainty associated with
the other alternatives ability to effectively remove DNAPLs

There would be no significant increase 1n potential nsks to the public under Alternatives 0 1
2 345 or6 Alternative 7, however would increase the nsks to the public due to the
potentially COC-contamnated dust that could become airborne during excavation activities and

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 473

— e e B Sl SRS O o B e Bk L [T P P S,



off site transportation of excavated soils

There would be no sigmificant nisks to on site workers under any of the alternatives These risks
would be mimmized through standard health and safety practices Alternatives 5 6 and 7
would have the most significant impacts on the environment due to 1n situ heating mixing and

excavation all of which are disruptive to the subsurface

Under this criterion the alternatives are ranked as follows

Rank Al #
1 23

2 7

3 456
4 01

432

All alternatives would comply with the chemical specific action specific and location specific
ARARs identified for OU1 Comphance with the action specific ARARs specifically state
RCRA regulations depends on CDPHE designating the OU 1 area a CAMU under Subpart S
of the hazardous waste management regulations (6 CCR 1007 3 264 552) The closure post

closure and groundwater momtoring requirements would be specified in the designation
according to the selected alternative Remediated waste including groundwater and soil
contaminated with hazardous waste constituents 1s allowed to be left 1n place at the time of
closure of the umt under the CAMU rule, providing certain provisions of the regulations are
complied with and a determination 1s made that 1n taking such action there would not be nsks
to human health or the environment Since all the alternatives meet the MCLs at Woman Creek

other differences in comphance with the ARARs are presented There are possibly two
differences 1n how some of the alternatives comply with the CAMU rule the State Non game

Endangered or Threatened Species Conservation Act and DOE regulations on comphance with
wetlands protection
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Under this criterion the alternatives are ranked as follows

Rank Alt. #
1 45,67
2 23
3 01

Alternatives 0 and 1 which would not continue to operate the french dramn or remediate the
source would not reduce exther toxicity mobility or volume of contaminants through treatment
Alternative 2 and 3 would reduce the volume of contammnants and prevent migration of
contaminants away from the operable unit by continuing to operate the existing french dramn and
extraction well These alternatives would also reduce toxicity by treating extracted groundwater
with through the exising UV/peroxide/ion exchange process (Building 891 water treatment
system)

Alternatives 4 5 6 and 7 would reduce the toxicity mobility and volume of contaminants
further and more rapidly than the no action and institutional control alternatives because they
would treat the source area at IHSS 119 1 Alternative 5 enhanced SVE would reduce volume
and mobility more effectively than Ailternative 4, SVE without subsurface heating Alternative
6 hot air mjection and mechamical mixing, would reduce toxicity, mobility, and volume more
effectively than Altemative 5 and Alternative 7 excavation would still more effectively reduce
contamtnant toxicity, mobihity, and volume

Under this criterion the alternatives are ranked as follows

Rank Alt. #

1 4567

2 23

3 01
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435 Short Term Effectiveness

Alternative 0 which would include only groundwater monitoring would not create any short

term nisks for the local commumty or the environment Likewise Alternative 1 which only
includes wmnstitutional controls 1n addition to momtoring would not create any short term risks

Alternatives 2 and 3 which would continue to operate the existing french drain and extraction
well would not create any additional nisks to the commumity or the environment as compared
to the exasting conditions at OU 1

Alternatives 4 5 6 and 7, which would remediate the source area at IHSS 119 1 would not
create any sigmficant potential for risk to the local commumity with the exception of Alternative
7 which may generate dust during excavation due to the large quantities of soil to be moved
Under Alternative 7 there would also be risks associated with transporting the large quantities
of excavated soils off site Each of the source remediation alternatives would present potential
nisks to workers duning construction and operation however, these nisks would be minimized
through standard heaith and safety practices Alternative 4 would have minor impacts on the
environment Alternatives 5 and 6 would have significant short-term impacts on the environment
due to subsurface heating which may have adverse effects on biota In addiion Alternative 6
would thoroughly mix the soil, increasing the impact on the subsurface environment Alternative
7 would also have sigmficant impacts on the environment because a large volume of soil would
completely removed

Under this criterion, the alternatives are ranked as follows

Rank Alt. #

1 01,2

2 3

3 456

4 7
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4 3 6 Implementability

Alternative 0 would be the most readily implementable alternative because it requires only
groundwater monitoring  Alternative 1 would require institutional controls over the entire
RFETS site such as designating the site a wildiife refuge and this could present some
administrative problems although 1t effectively represents current conditions Alternatives 2 and
3 the other institutional controls alternatives, would be readily implementable as compared to
Alternative 1 and the other treatment alternatives

Alternatives 4 and 5 would also be readily implementable with no significant techmical or
administrative difficulties anticipated However Alternative 6 may be difficult to implement
because of the instability of the subsurface soils within the treatment zone Alternative 7 which
would require large quantties of soil stockpiled and treated on site, and then transported off site
for ultimate disposal would also be more difficult to implement

Under this criterion, the alternatives are ranked as follows

Rank Al #
1 2

2 01
3 3

4 4,5,6
5 7
437 Cost

Figure 4-4 presents a companson of the costs for the seven remedial alternatives  Alternatives
0 and 1 are the least costly alternatives because they involve only the continuation of
groundwater monitoring  Alternatives 2 and 3 are sigmficantly more costly than the other
alternatives including the source treatment alternatives (4 5 6 and 7) due to the cost of
operating the Building 891 water treatment system for 30 years Of the four source treatment
alternatives Alternative 7 has the highest cost due to the need to treat the excavated soils to
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0 Post Closure

mOo&M
@ Caputal
Al O Al 1 Alt 2 Al 3 Al 4 Al § AlL 6 Al 7
CostElement | Alt 0 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Al 6 Alt 7
Capital $154700|  $154700|  $149600|  $305000|  $929300| $1845700| $1354400| $11326 100
0&M $0 $0| $15603300| $15603300| $5358700| $3845700| $1887 300 $0
Post Closure $1740400| $1740400 | $1740400 | $1740400| $1853800| $1811700] $1789100] $1767 600
{Total Cost $1895100] $1895100| $17493300| $17648700] $8141800] $7503100] $5030800| $13 093 700
Note Co ts represent 1994 dollars at 5% discount rate
Figure 4 4 Summary of Remedial Action Alternative Costs
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meet Land Disposal Restriction treatment standards and dispose of them at an off site hazardous
waste landfill

Under this cniterion, the alternatives are ranked as follows

Rank Al #
1 01

2 6

3 4,5

4 7

5 2,3

4 4 Preferred Remedial Action Altemative

Based on the results of the comparative analysis of alternatives, Alternative 1 Institutional
Controls without the French Drain 1s selected as the preferred remedial action alternative for
OU-1 Thus alternative 15 intended to minimuze the risk from contaminated groundwater in OU 1
by restrnicting access to any wells impacted by OU-1 contaminants, and by ehiminating the
possibility of building construction above areas known to be contaminated with VOCs Ths
alternative would be implemented by maintaining the current institutional controls present at the
RFETS to at a mmmum the Woman Creek drainage

441 Description

Ths alternative assumes that the existing french drain system would not be actively pumped but
mnstead would be maintamned and monitored as a contingency, in case groundwater contaminant
concentrations begin exceeding predicted values If this occurs, water collected 1n the french
drain sumps would be pumped to the Building 891 water treatment system The alternative cost
estimate includes decommssioning the drain because 1t 1s assumed that at some pomnt the drain
will no longer be required

Groundwater monitoring would be required for this alternative to determine when institutional
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controls could be discontinued Once acceptable groundwater contaminant concentrations are
achieved through natural degradation and dispersion of contaminants the area would be released
from institutional controls Groundwater monitoring would take place for as long as required
to meet this critenion It 1s assumed that six monitoring points would be sufficient under this
alternative  For cost estimating purposes 1t 1s assumed that four new wells would be installed

one deep and shallow well cluster downgradient of IHSS 119 1 and possibly two additional
wells upgradient of Woman Creek Samples would also be collected from the french drain sump
and from the existing recovery well Samples would be analyzed for organic and inorganic
contamunants and would be collected semiannually Analysis of individual species of norganic
contaminants 1s also suggested, to identify individual metal species which have the potential to
bioaccumulate This additional analysis requirement should only be apphied occasionally 1n the
samphing program PQLs for analysis of these samples would be established to meet CDPHE
cnitena

4 42 Summary of Detailed Analysis

Ths alternative would be protective of human health assuming that the institutional controls are
properly implemented and that the site 1s not abandoned durning the institutional control period

The nsk to human receptors 18 1 99x10¢ at Woman Creek Rusks from surface soils at OU 1
are within the acceptable nisk range of 10* to 10° Likewise environmental receptors would
be protected because there 1s no current or future nsk identified from groundwater COCs for
these receptors There are no potential short term nisks to the public or to on-site workers
identified through implementation of this alternative

Under this alternative the french drain would not be used to actively remediate contaminated
groundwater, however concentrations of contaminants in downgradient groundwater would
gradually be reduced over time due to natural physical and chemical processes, such as
dispersion volanhization and biodegradation Because these are natural processes they are
essentially irreversible and would effectively reduce the toxicity mobility and volume of

contaminants permanently
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This alternative 1s the most implementable of all alternatives identified because 1t utihzes the
existing controls present at the RFETS Costs associated with this alternative are similar to the
no action alternative, and are lower than all other alternatives

Key ARARs would be met under this alternative The resuits of groundwater monitoring and
modeling indicate that groundwater at Woman Creek currently does not exceed MCLs Modeled
contaminant concentrations projected 400 years from 1969 also indicate that there will be no
exceedance of MCLs at Woman Creek within the 400-year period Groundwater modeling
results demonstrate that the highest concentration of PCE (the indicator COC) dunng the 400-
year period 1s 3 60 x 10° mg/¢ under thms alternative Other COCs in OU-1 result in
significantly lower concentrations at Woman Creek (see Appendix B) These results are
considered extremely conservative due to the assumptions used to develop the model The
model assumes an nfinite source of contamination and does not account for volatilization of
contaminants, a potentially significant loss mechanism Appendix B includes details concerning
the groundwater model

Alternative 1 will meet substantive requirements of the State RCRA program assumung CDPHE
staff designates the OU-1 area as a CAMU under the recently adopted Subpart S provisions (6
CCR 1007 3 Part 264, Section 552) The CDPHE 1s required to determune that the unit wall
facilitate 1mplementation of a reliable, effecuve, protective, and cost-effective remedy In
additon CDPHE can require closure, post-closure and any groundwater monitoring determined
necessary to detect direction and movement of hazardous constituents This report provides
documentation to meet CAMU requirements and to suggest an appropriate monitoring program
The final CAD/ROD document will incorporate public comments and will provide all necessary
documentation required by the CAMU rule regarding public participation

In summary Alternative 1 1s protective of human heaith and the environment at mummal
additional expense The alternative will comply with 1dentified ARARs and will be effective
1n reducing contaminant concentrations through natural processes The alternative provides for
natural attenuation with mimimal additional impacts Due to the hmited avalability of
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groundwater 1n the saturated zone beneath OU 1 this alternative presents the most cost-effecve
and practical remediation alternative for OU 1 groundwater
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APPENDIX A

INITITAL SCREENING AND EVALUATION OF TECHNOLOGIES AND PROCESS
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A 10 INTRODUCTION

The purpose of this appendix 1s to summarize the initial screening and evaluation of technologies
and process options for the RFETS OU 1 CMS/FS This screeming and evaluation was
presented in detail in Techmical Memorandum #11 Development and Screening of Remedial
Acnon Alternanves 881 Hillside Area (OU 1) (Apnil 1994) The screeming and evaluation
matrices for the groundwater medium are presented

Additionally although radionuchde contamination 1n surface soils has been included within the
scope of the OU 2 CMS/FS, technology identification and screeming of remedial technologies
were performed prior to the determination to include OU 1 surface soil radionuchides in the
larger OU 2 contamination plume Work completed to date on 1dentification screening and
evaluation of technologies appropnate for contaminants :dentified 1n OU 1 surface souls 1s also
presented through the attached figures

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 Al
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B 10 INTRODUCTION

Appendix B presents the results of a subsurface solute transport model of the OU 1 site The
purpose of the model 1s to provide a basis for residual nsk calculations and design calculations
for the feasibility study In this section the following topics are discussed the hydrogeological
conceptual model of the site the framework of the corresponding numerical model the results
and predictions of the model, and a qualitative discussion of model uncertainty Tables and
Figures are included in the back of this appendix, after references

B.2 0 HYDROGEOLOGICAL CONCEPTUAL MODEL

The conceptual model of OU 1 1s a description of the pnmary processes that control the
movement of solutes 1n the subsurface Such processes include groundwater flow rates and
directions, solute release rates and timing recharge and discharge rates dispersion degradation
rates and adsorption

The groundwater flow system beneath the hillside at OU 1 1s described 1n detail 1n the Phase III
RFI/RI (DOE 1994) The description here 1s imited to features incorporated into the flow and
transport model of the site, and 18 further limited to the area of THSS 1191 IHSS 1191 1s
where most of the observed contamination at the site 1s located

Groundwater flow beneath the hillside occurs in shallow colluvial, alluvial and bedrock units

Most of the flow 1s concentrated 1n the colluvium and alluvium (DOE 1994) Groundwater flow
tends to be focussed 1n areas where colluvium 1s thickest, these areas generally correspond to
surface-water drainage features Such correspondence 1s likely due to deeper weathenng of
bedrock beneath surface channels One such surface channel feature extends upslope into IHSS
119 1 wath a corresponding thicker section of colluvium It 1s along this subsurface feature that
most of the groundwater flow 1n the vicimity of THSS 119 1 occurs (Figures 3-23 and 3 24 of
the Phase ITI RFI/RI) Therefore groundwater flow 1s generally channelized along surface water

features
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Recharge and discharge probably vary dunng the year at the hillsde However over long
peniods of time an average rate of recharge or discharge 1s applicable Recharge to the hillside
flow system 1s assumed to occur as subsurface flow from the Rocky Flats alluvium and from
bedrock beneath the Rock Flats alluvium No site specific measurements of recharge or
discharge on the hillside are available Daischarge at the surface along the hillside 15 assumed
to occur most of the ime due to low precipitation rates runoff due to topography partially
saturated conditions (with corresponding smaller relatve water permeabilites) the small
permeability of the colluvium and alluvium (both of which are denived from the claystone and
siltstone of the bedrock) and frozen ground durning winter months Discharge 1s also assumed
to occur as flow into Woman Creek as observed by Fedors et al (1993a and 1993b) and as
indicated by hydrualic gradients directed toward the creek

The primary source of contaminants 1s located in the subsurface beneath IHSS 119 1 Dunng
the 1960s and 70s drums of solvents were stored in IHSS 119 1 (DOE 1994) Releases from
the drums have resulted 1n a residual DNAPL phase 1n the subsurface around Well 4387 The
residual DNAPL phase has not been directly observed, but 1s indicated by high concentrations
of chlornated solvents like PCE 1n groundwater The start of release to groundwater 1s not
precisely known but 1s assumed to be 1970 The release mechamism to groundwater 1s
dissolution of the residual immobile) DNAPL phase

The transport of contaminants in groundwater 1s controlled pnmanly by groundwater flow
directions and rates Other processes that affect contaminant movement and mobility are
dispersion degradation adsorption and volatihzation from groundwater to soil gas Of these
volatihization 1s not included 1n the model Dispersion 1s simulated using dispersivity,
groundwater flow velocity and molecular diffusion Degradation rates and sorption properties
for solutes are discussed and reported the Phase III RFI/RI
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B 3 0 MODEL FRAMEWORK

The computer simulation code TARGET_2DU (Dames & Moore 1985) was used to stmulate
contammnant transport in the subsurface TARGET_2DU 1s a vertically oniented two-

dimensional fimte difference model that can simulate variably saturated conditions

Because the model 1s two dimensional 1t cannot simulate dispersion (spreading) transverse
(perpendicular) to the model section Therefore dispersion 1n the plane of the model will be
over predicted parallel and transverse to groundwater flow Consequently the model 1s more
conservative (over predicts concentration and travel time) because 1t does not account for
spreading of contaminants 1n transverse to the model plane

Another conservative aspect of the TARGET_2DU 1s that the mass adsorbed on soil 1s not
decayed As constituents desorb the concentration on soil decreases but remains undecayed
The result 1s a source 1n the model that decreases but at a rate slower than 1f decay were
calculated for contaminants on soil Consequently the concentration of contaminants that desorb
into water 1s higher than for the case in which decay on so1l were calculated For contaminants
with halflives that are short relatve to the groundwater transport time the degree of over
prediction 1s significant and 1s conservative

The model gnd 1s 296 (honzontal) by 170 (vertical) cells (Figure B-1) with approximately
25 000 active cells The gnd was designed to capture details of the bedrock/colluvium interface
and topography, to accurately simulate the vadose zone and to mmmimuze errors caused by
numerical dispersion The location of the section of the model 1s shown 1n Figures B-2 and B-3,
and corresponds to the trend of thicker colluvium which passes through THSS 119 1

Two cnitenia are used to ensure mimimal numerncal dispersion the Peclet number and the
Courant number The gnd Peclet number 1s the ratio of gnd spacing (length of a cell side) to
dispersivity To minimize numerical dispersion the Peclet number should be less than or equal
to one For this model dispersivity 1s much larger than cell lengths, so the Peclet number 1s
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much smaller than one The gnd courant number 1s the ratio of time step interval to
groundwater travel time across a cell Simuilar to the Peclet number the Courant number should
be less than or equal to one Because gradients and hydraulic conductivities are small and
because decay rates of the COCs are short the Courant number for this model 1s much smaller

than one

The distribution of boundary conditions and matenal types are shown 1n Figure B-4 Properties
associated with each of the matenal types and degradation rates and adsorption distribution
coefficients for the contaminants of interest are listed 1n Table B-1 The list of contaminants 1s
presented and discussed in Section 2 0

Each matenal type 1s assumed to be homogeneous where specified Therefore heterogeneity
in the model 1s limited to three zones colluvium alluvium and bedrock Fractures 1n the
colluvium resulting from mass movement of the colluvium down the hill are assumed to be
healed so that fractures do not provide preferential flowpaths Thas 1s justified because the mass
movement 1s generally relict (probably occurred durning the Pleistocene) thus having had
considerable time to heal and because the colluvial material being residuum bedrock 1s easily
deformed so that voids cannot remain open over long periods of time

For the french drain a constant head/pressure cell was set at the bottom of the drain to simulate
flow to the drain (elevation of the constant head 1s 5876 2 ft) The extraction well was simulated
1in the same manner but with an elevation of 5910 2 ft (see Figure B-5) These elevations are
shightly above the interface between bedrock and colluvium material This was done based on
the assumption that the French Drain and extraction well could not draw the water table all the
way down to the interface (otherwise the saturated thickness approaches zero and flow decreases
to zero) Simulations using the French Drain and extraction well are discussed in detail in

following sections

The bottom of the model was select to be somewhat lower than the elevation of Woman Creek
which 1s considered to be the ultimate sink for groundwater flowing down the hiliside Because
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flow rates in the bedrock are much lower than those 1n the colluvium the model is less sensitive
to the location of this boundary

The contaminant source was simulated using a constant concentration boundary condition based
on the assumption that slow dissolution of residual DNAPL 1s the source of contamination 1n
groundwater The source cell 1s located at the interface between bedrock and colluvium material
1n the model, 1n the area where high concentrations of contaminants in groundwater have been
observed (Figure B 5)

B 40 CALIBRATION

The model was calibrated to steady state average conditions as observed prior to the installation
of the French Drain For calibration targets observed groundwater levels for wells 4387 0487
4787 and 5587 were compiled and averaged (Table B 2) For the purposes of computing target
water levels dry (no measurable water) conditions were excluded from the average The results
of the calibrated flow model are shown in Figure B 6 with point compansons to average
observed water levels (results of the flow and transport simulations are discussed 1n more detail
mn secton B S 0) To achieve calibration a net areal discharge of 2 96 in/yr from the water
table was used as discussed in Section B 2 0

The flow mass balance provides a measure of how well the model 1s converged Discrepancies
1n the mass balance should be smaller than about 5% especially for groundwater flow otherwise
errors 1n the flow domain may adversely affect subsequent transport ssmulations For the OU 1
model the percent discrepancy between simulated inflows and outflows for varnious times 1s
(approximate values) 1 87% for steady-state flow 2 3% at the end of 23 years and 1 38%

018% and 5 31% at the end of the three predictive simulations respectively (see Section
B 7 0) Convergence of the model was good exhibiting monotonic behavior

After calibrating the steady state flow transient transport simulations were done for each
contaminant Transport simulations started with the steady state flow field continued for 20
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years then incorporated the French Drain and extraction well as shown in Figure B 7 Each
transport simulation was calibrated 1n a manner simlar to that for the flow calibration Figures
B 8 through B-17 show breakthrough curves for each of the contaminants with average upper
bound and lower bound observed concentrations Data used to compute average minimum and
maximum concentrations are listed in Table B 3 Calibrated source concentrations are

6 41 mg/t for 1 1 DCE 9 63 mg/{ for PCE 0 64 mg/¢ for CCl, 16 mg/f for1 1 1 TCA and
160 mg/! for selenium

As with flow, the contaminant mass balance provides a measure of how well the model 1s
converged Discrepancies in the mass balance should be smaller than about 10% For the OU 1
model and PCE, the percent discrepancy between the simulated mass 1n place, and mass influx
and outflux for PCE at various times 1s (approximate values) 2 5% at the end of 23 years and
-4 51% 576% and 10 09% at the end of the three predictive simulations respectively (see
Section B 70) Convergence of the model 1s good exhibiing monotonic behavior

B 50 RESULTS

From the calibrated steady state flow simulation (Figure B-6) groundwater rates and directions
can be obtained Figure B-18 shows the effects of the French Drain and extraction well on
groundwater flow The French Drain and extraction well both draw down the water table with
drawdown cones that extend upgradient into IHSS 119 1 As expected the drawdown cones are
asymmetnical due to the slope of the hill The simulated water levels correspond well with
observed low water table conditions

Results of transport simulations for PCE are discussed 1n detail Results of ssmulations for other
contaminants are not shown because the chemicals tend to behave similarly The PCE plume
after 22 years (pre-French Drain) and at 23 and 24 years 1s shown in Figures B-19 B-20 and
B-21 The plume moves down gradient slowly and also penetrates into the bedrock a small
distance The majonty of movement 1s 1n the colluvium due to higher groundwater flow rates
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Some migration in the vadose zone is also simulated corresponding to dispersion in soil

moisture

After 24 years the French Drain and extraction well have a shght effect on the plume (Figures
B 20 and B-21) The extraction well pulls the plume back toward IHSS 119 1 and the French
Drain captures the plume trapped between 1t and the extraction well

B 6 0 UNCERTAINTY

This section 1s a qualitative discussion of uncertainties associated with the model In general

uncertainties can be divided 1nto two types The first type results from an incomplete knowledge
of the system or processes A real system can often be too complex or lack the necessary
information to be completely understood or modeled without malkang simplifying assumptions

Parts of the system or processes may also be omitted because they are thought to be less
important than others The second type of uncertainty relates to the values assigned to model
input parameters used to describe the system or processes In reality input parameters are not
single values but vary over a range of possible values

Table B-4 hsts specific model assumptions or uncertainty factors (parameters) that could
contribute to variations 1n model predictions The second column of the table gives the source
of the uncertainty “"Not ssmulated means a particular transport or transformation process was
not considered 1n the modeling  Measurement Error 1ndicates that there could be some
unknown, unmeasured vanability or heterogeneity in the corresponding property Not
measured indicates that the parameter has not been measured under site-specific conditions
either 1n the field or 1n the laboratory In the third column, “Incorrect Flows" indicates that a
different flow could result by a corresponding change in the parameter or assumption The
fourth column Lsts the relative degree of uncertainty
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Model assumption or Cause of uncertainty or Probable effect on model "
___uncertanty factor model error results Relative degree of uncertanty |

Model Assumptions and Uncertainty Factors

Table B-4

incorrect flows

Two dimensional model Three-dimensional Incorrect spatial distnbution | Low Model adequately matches
transport not simulated of concentrations and geaeral trends in the honzontal
mcorrect flows behavior of the observed plume
Model 1s conservative due to
over predication of lateral
spreading
Porous media Flow 1n fractures or other | Incorrect spatial distnbution | Low Although ship subsurface
secondary porosity not of concentrations and failure planes have been mapped
simulated incorrect fluxes (DOE 1994) 1t 1s likely that such
potential pathways have healed
and are no longer permeable
Steady state flow Transient flow 1s not Incorrect spatial distnbution Low Contamunant transport and
simulated for calibration of concentrations and fluctuations 1n flow become less
incorrect flows important over long periods of
time The model 1s conservative
1n sumulating continually
saturated conditions where
seasonal wetting and drying 1s
known to occur
Maternial properties are Heterogeneity within Incorrect spatial distnbution Low The pnmary hydrogeologic
homogeaeous within a mode! layers of contaminants layers that effect transport are
model layer incorrect flows well charactenized
Volatilization Not simulated Incorrect spatial distnbution | Low Model 1s conservative with
of contaminants regard to this process
Timung of release Not well known Incorrect spatial distnbution | Low Model 1s geaerally
of contaminants conservative
Nature of release Processes other than Incorrect spatial distribution Low Model 1s generally
dissolution are not of contamnants conservative
modeled
Sorption Linear sorption Incorrect spatial distnbution | Low Organic carbon content of
of contaminants subsurface and surface matenals
15 low
Natural Not measured Incorrect spatial distnbution Moderate Model 1s sensitive to
recharge/discharge rates of contaminants this parameter
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Table B-4

(Continued)
Model assumption or Cause of uncertainty or Probable effect on model |
uncertainty factor model error results Relative degree of uncertainty J
: ‘r
Decay and transformation | Multicomponent transport | Incorrect spatial distribution Low Model 1s conservative ;
not simulated no site- of contaminants
specific data
Porosity Measurement error Incorrect spatial distnbution | Low Measurement error
of contamunants relatively small :
Diffusion coefficient Not measured Incorrect spatial distnbution | Low Error 1s small and model 1s
of contamunants insensitive to this parameter *
Dispersivity Not measured Incorrect spatial distnbution | Moderate Parameter 15 based on |
of contaminants scale of site this 18 a standard ‘
assumption ;,
Size of source Not measured Incorrect spatial distnbution Low Model has beea shown to ‘
of contamunants be wnsensitive to source size
(Fedors et al 1993)
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The combination of parameters used in the model 1s not considered to be unique Other
combinations of the parameters may yield a ssmilar result However the parameter values used
generally he within observed and accepted ranges and therefore the model 1s considered
representative of site conditions However the model 1s conservative 1n that 1t does not account
for volatihzation of PCE DCE TCA and CCl, and 1t generally over predicts concentrations
at Well 0487 For these reasons the model 1s considered to be highly conservative

B 70 PREDICTIONS

For predictions 1n which the source 1s not remediated the source 1s assumed to be large enough
to provide an infinite supply of groundwater contamination Therefore in such simulations the
source concentration 1s held constant throughout the simulations For predicative simulations
in which the source 1s remediated, the concentrations 1n a 200 foot long area of colluvium
around THSS 119 1 are set to the appropnate water quality standard

B 71 No Action Alternatives

Under these alternatives (0 1) French Drain and extraction well are removed but the source 1s
not remediated Transport simulations beginning from 1994 and continuing through 2024 were
done for each of the contaminants of interest Figure B 22 shows the predicted PCE plume 1n
1998 Under this scenano, the plume continues to grow with time because the source remains
in place providing a constant source of dissolved PCE In addition desorption begins to
provide an undecayed source which results in conservatively high predicted concentrations

Figures B-23 through B-32 show the vanation of concentration with time at the French Drain
and Woman Creek These curves are typically called breakthrough curves At the French
Drain the 1nstallation of the drain and extraction well cause a dip 1n concentrations After the
drain and well are removed concentrations begin to recover and increase due to a continuing
source and to desorption At Woman Creek similar results are obtained however due to the
longer travel distance and time the features of the breakthrough curves are more subdued Peak
concentrations are simulated for PCE and DCE
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B 72 [Institutional Control Alternatives With the French Drain

Under these alternatives (2, 3) the french drain and extraction well remain 1n operation 1n the
future No remediation of the source takes place under this scenario Transport simulations
beginning from 1994 and continuing through 2024 were done for each of the contaminants of
interest Figure B-33 shows the predicted PCE plume 1n 1998 Under this scenano the plume
1s drawn to and captured by the extraction well and french drain In addition desorption begins
to provide an undecayed source which results in conservatively high predicted concentrations

Figures B-34 through B-43 show the vanation of concentration with time at the french drain and
Woman Creek At the french drain the 1nstallation of the drain and extraction well cause a dip
in concentrations With the drain and well 1n place concentrations peak for shorter halflife
COCs Desorption still provides a decreasing but undecayed source At Woman Creek

simular results are obtained, however due to the longer travel distance and time, the features
of the breakthrough curves are more subdued Peak concentrations are simulated for PCE and
DCE

B 73 Remediation Alternatives

Under these alternatives (4, 5 6, 7) the french drain and extraction well are removed, and the
source 1s remediated Transport simulations beginning from 1994 and continuing through 2024
were done for each of the contaminants of interest For these simulations where the source 1s
remediated a 200 foot long strip of colluvium assumed to be cleaned up to the appropnate water
quality standard (see Table 2 1) Figure B-44 shows the predicted PCE plume 1n 1998 Under
this scenario the plume that remains in place after the source 1s removed continues to move
down gradient with time In addition desorption begins to provide an undecayed source, which

results 1n conservatively high predicted concentrations

Figures B-45 through B-54 show the variation of concentration with time at the source french
drain and Woman Creek At the french drain, the installation of the drain and extraction well
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cause a dip 1n concentrations The breakthrough curves exhibit behavior that 1s a combination
of the other sets of alternatives concentrations nise briefly after the drain and well are removed
but rapidly decrease due to source remediation Desorption still provides a decreasing but
undecayed source At Woman Creek similar results are obtained however due to the longer
travel distance and time the features of the breakthrough curves are more subdued Peak
concentrations are simulated for PCE and DCE

B 8 0 SUMMARY

A groundwater flow and contaminant transport model has been developed and calibrated for
OU 1 The model was used to simulate and predict contaminant movement from THSS 119 1

to the french drain and Woman Creek
The model 1s considered to be conservative for the following reasons

° The model 1s two dimensional therefore dispersion (spreading) in lateral to the
plane of the model 1s not simulated This causes over prediction of
concentrations

. The model does not account for decay of contaminants adsorbed to soil If
desorption occurs then concentrations are conservatively over predicted

. The model does not account for volatilization of organic contaminants It 1s
likely that volatihzation 1s an important process because of high volatilization
rates for these chemicals (high Henry’s constants) and because of the short
distance from groundwater to landsurface

° The model predicts increasing concentrations at locations like Well 0487 and 4387
where observed concentrations fluctuate around a generally constant average
This most likely due to the way in which desorption 1s simulated and to 1gnoring
the effects of volatilization

The model 1s calibrated to average site conditions for flow and transport with adequate
agreement between the model and observed condiions The model has good mass balance and
exhibits monotonic convergence 1ndicative of accurate calculations
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Three scenanios were simulated, each representing a set of alternatives Predicted results for
no action alternatives indicate that concentrations at the french drain and at Woman Creek will
increase to peak concentrations hundreds of years in the future Predicted results for
institutional-controls and remedial alternatives indicate that concentrations at the french drain and
at Woman Creek will increase shightly then decrease with tme Peak concentrations are also

hundreds of years 1n the future

The results of the model are used 1n charactenzing risk associated with each of the alternatives
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Media Specific Hydraulic Parameters Used mn all Contaminant

Table B-1a

Simulations
Hydraulic Parameter Units Colluvium Alluvium
| Horizontal hydraulic conductivity f/d 006 045 6
Vertical hydraulic conductivity ft/d 006 02 3
Specific storativity 1/t 0 0001 0 00015 0 00035
Porosity 035 036 045
il Bulk density ratio 181 15 165
|| Distribution coefficient ft3/Ib 0 0578 00578 00578
Molecular dispersion ft2/d 0 0001 0 0001 0 0001
Longitudinal dispersivity ft 20 30 40
Transverse dispersivity ft 2 10 10
Coefficient for Sr (ps1) /1t 024 0 0558 3
Coefficient for Sr (ps1) 109 122 25
Coefficient for Sr (psi) -0 0826 -0 18 06
Residual moisture content 025 019 01
Saturated moisture content 035 036 045
Coefficient for Kr (ps1) 1/t 083 00148 348 1
| Coefficient for Kr (psi) 041 044 193
II Coefficient for Kr (ps1) 3 10 3
Minimum Kr (ps1) 01 01 01
OU 1 CMS/FS Report DRAFT FINAL
881 Hiliside Area
August 1994
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Table B-1b
Contaminant-Specific Modeling Parameters

1 1-dichloroethene 00104

Tetrachloroethene 0 0578

Carbon tetrachloride 0 0704

1 1 1 trichloroethane 0 0243

Selenium 24
OU 1 CMS/FS Report DRAFT FINAL
881 Hiliside Area
August 1994
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Table B-2a
Measured Water Levels at Well 4387

Measured Water Level (ft )
4/27/89 5917.2
5/18/89 5917.2
6/10/89 5917.3
6/29/89 5917.0
7/14/89 5916.8
8/18/89 5916.9
“ 8/25/89 5915.2
| 9/12/89 5916.4
| 10/26/89 5916.8
IF 1/16/90 5916.6
2/1/90 5916.6
| 4/13/90 5920.4
lk 6/7/90 59202
7/12/90 5919.3
|l 8/9/90 5918.9
9/11/90 5918.3
9/12/90 5915.7
10/1/90 5917.9
11/7/90 5917.7
11/13/90 5917.7
12/6/90 5917.4
L 1/3/91 5917.3
| 3/18/91 5917.0
|L 4/1/91 5916.6
51191 5917.2
5/13/91 5917.2
6/11/91 5917.5
7/5/91 5917.2
__8/6/91 5916.8
8/14/91 5916.9
9/5/91 5916.6
10/3/91 5916.5
11/5/91 5916.3
OU 1 CMS/FS Report DRAFT FINAL
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Table B-2a

(Continued)
Date
12/2/91 5916.4
12/10/91 5916.4
13192 5916.3
2/13/92 5916.5
3/5/92 5916.2
4/1/92 5918.5
5/5/92 5917.4
6/1/92 5917.7
f 6/23/92 5917.1
| 02/92 5917.2
R/3/92 5917.2
8/6/92 5917.3
9/4/92 5917.4
10/1/92 5916.6
10/27/92 5917.1
11/2/92 5916.8
12/3/92 5917.1
1/20/93 5916.7
2/2/93 5916.8 r‘
3/26/93 3917.8
4/2/93 5917.1
5/13/93 5917.3
6/17/93 5917.0
| 6/28/93 5916.9
7/13/93 5916.2
Maximum_ 3920.4 i
Minmum 59152 |
w—JI

OU 1 CMS/FS Report DRAFT FINAL
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Table B-2b
Measured Water Levels at Well 0487

4/27/89 5900.5
5/19/89 5901.0
6/9/89 5902.0
6/29/89 5001.7
2/14/89 5900.6
7126/89 5000.3
8/18/89 5900.0
9/13/89 5899.7
| 10/16/89 58992
L 1/16/90 58992
I 1/31/90 58992
| 4/12/9 5905.7
hl 6/2/90 5004.1
211190 5902.1
| 8/8/90 5901.6 1
Il 8/29/90 3900.8 I
L 9/12/90 59003 1]
| 101190 5899.9 |
" 10/29/90 58993 | ‘
11/7/90 58993 |
| 12/6/90 5899.0 |
12291 5898.7
_3/18/91 28985
4/1/91 5898.5
57191 5899.8
2991 2899.8 ]‘
6/5/91 5901.1
112191 5900.5
8/6/91 38990
i __8/20/91 5898.8
ﬂ 9/3/9] 5898 4
10/2/91 5897 5
OU 1 CMS/FS Report DRAFT FINAL
881 Hillmde Area
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Table B-2b

(Continued)
_11/5/91 5896.6
1/3/92 5897 1
2/3/92 5897.2
2/11/92 5897.2
3/5192 5897.6
4/6/92 5901.8
506192 5901.8
5/11/92 5901.7
6/1/92 5901.6
711092 5899.7
8/3/92 5900.5
8/12/92 59002
| 9/4/92 5000.7
F 1012 59000
10/21/92 5899.5
| 113092 58992
| 121792 SROB.6
| 1/20/93 5808.4
| 2/2/93 5898.3
L 3/10/93 5898.0 ||
| 3/26/93 5898.2 |
| 4/8/93 5901.4 |
| 5/14/93 5901.6
| 5120193 5901
| 6/16/93 5901.1
|| 7013/93 59005

OU 1 CMS/FS Report DRAFT FINAL
881 Huliside Area
August 1994
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Table B-2¢
Measured Water Levels at Well 4787

Measured Water Level (ft )

S(19/89

5875.8

6/10/89

58773

6/29/89

7/14/89

1/26/89

8/25/89

9/13/89

5876.4

10/20/89

1/16/90

5878.4

2/15/20

S875.9

BEEEI

4/12/90 _

5876.4

3(3/90

5876.5

7011/90

8/8/90

58735.1

9/11/90

9/12/90

10/1/90

10/25/90

11/7/90

12/10/90

1/2/91

4/1/91

3/7/91

6/5/91

S5877.2

122191

S5875.7

8/6/91

8/19/91

9/3/91

10/2/91

11/5/91

5875.0

I[ 12/10/91

5876.4

OU 1 CMS/FS Report
381 Hilinde Area
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Table B-2¢

(Continued)
1/10/92 5875 1
20592
_2/11/92
3/5/92 5875.0
4/6/92
23092 5879.2
6/10/92 5878.0
I 7/1/92 5877.2
" 8/5/92 5876.5
l} 8/17/92 5876.2
9/4/92 5877.0
“ 10/1/92 5876.2
| 10/21/92 5875.8
| 11/3/92 2875.2
| 12/7/92
L 1/20/93 5875.2
“ 2/2/93 5875.4
E 3/26/93 5875.4
4/2/93 5875.5
I{ 6/16/93 5876.2
7/2/93 5875.9
| Maximum 5879 2
Mimmum 58750
Average 5876 2

OU 1 CMS/FS Report DRAFT FINAL
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Table B-2d

Measured Water Levels at Well 5587

Date Measured Water Level (ft )
4/27/89 5850.7
5/19/89
6/1/89 5850.7
6/29/89
7/10/89 5850.7
7/28/89
—8/25/89
9/14/89 f
H 10/16/89
1/16/90
I} 4/12/90 5853.5
5/4/90 5853.2
| 7/10/90 _S5852.2
H 7/19/90 5854.1
87/ 3851.2
IF 9/12/90. 5851.3
10/1/90 5851.3
L 10/29/90 58512
n 11/7/90 5850.7
12/6/90
172191 5850.7
3/18/91 5850.7
4/1/91
5/7/91 5850.7
" 6/5/91 5850.7
7/2/91 5851.0
| R/6/91 5851.1
| __8/19/91 5851.1
| 9/3/91
| 10/2/91 5850.7
1 11/5/91 5850.6
| 11/14/91. 5850.6

OU 1 CMS/FS Report
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Table B-2d

(Continued)
Measured Water Level (ft )

12/2/91 5850.6

1/3/92.

2[3/92

305/92 5850.6

4/1/92 5853.6

3/1/92 5852.9
I[ /7192 58529

6/1/92 5851.7
" 7/1/92 5851.9
H 8/3/92 _5851.8 |

8/17/92 5851.7 |
| 9/4/92 5851.0 |
- 10192 8510 |
| 10/20/92 5851.1 |
IF 11392 5850.7 |

12/7/92 58507 |
ll 1/19/93 5850.7 |

_2/1/93 5850,
“ 3/4/93 5850.6
| _3/29/93 5850.7
i 4/7/93 5850.7
" __5/14/93 5850.9
| S/18/93 58509
II 6/16/93 58509
| 7/6/93 5851.0 “
" Maxmmum 5854 1
| Minmum 5850 6 1
Average 58513

OU 1 CMS/FS Report DRAFT FINAL
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Feb-01 1990

Table B-3a
Measured Concentrations of VOCs at Well 4387

Colluvium 3600 4900 500 500 U
|| Jun-06-1990 Colluvium 61 38 110 5 U ||
IL Jun-07 1990 Colluvium 82 53 140 s U
“ Sep-11 1990 Colluvium 1400 2400 3200 400 E
Nov 14-1990 Colluvium 1500 V| 1400 3000 120 U V
Mar-19 1991 Colluvium 2900 2900 5900 170 U
May 15 1991 Colluvium 6000 D JA| 8200 v 15000 s U
Aug 15 1991 Colluvium 5700 V 7200 A 10000 500 U V
Dec-12 1991 Colluvium 3400 V 6000 \4 14000 100 U V
Feb-18-1992 Colluvium 3200 JA 4300 v 7400 s U v
Jun-24-1992 v u v

Vald
Rejected

Dilution

“vcymwm <

Found 1n blank
Value > calibration range
Esamated acceptable
Not detected at/above method detection hivut

Estumated value

OU 1 CMS/FS Report

881 Hiliside Area

August 1994
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Table B-3b
Measured Concentrations of VOCs at Well 0487

Carbon
111 Tetrachloride
. Trichloroethane (ug/l) (ug/h
Jan-31 1990 Colluvium 27 4 ) 2 ] 160
II Jun-07 1990 Colluvium 14 4 J 7 55
|| Aug 29 1990 Colluvium 21 5 8 95
LOct 30-1990 Colluvium 5 s U 5 Uyv s U V
Mar-19-1991 Colluvium 28 25 25 U 130
May 10-1991 Colluvium 46 7 s Uv 330 D V I
Il Aug 21 1991 Colluvium 73 14 7 A4 280 D V
Feb-11 1992 Colluvium 55 92 5 240
May 11 1992

V = Vaid

R = Rejected

B = Found n blank

E = Value > calibration range

JA = Estumated, acceptable

U = Not detected at/sbove method detection hmut
D = Dilution

J = Estmated value

OU 1 CMS/FS Report DRAFT FINAL
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C 10 INTRODUCTION

The Phase III Resource Conservation and Recovery Act (RCRA) Facility
Investigation/Comprehensive Environmental Response Compensation and Liability Act
(CERCLA) Remedial Investigation (RFI/RI) at Operable Unmit No 1 (OU1) 881 Hullside Area
at the Rocky Flats Environmental Technology Site (RFETS) includes a Baseline Risk Assessment
(BRA) The BRA 1s compnsed of an Ecological Evaluation (EE) and a Public Health Evaluation
(PHE) The results of the complete OU1 PHE are presented in Volume X Appendix F of the
Final Phase III RFI/RI dated June 1994 (DOE 1994a)

This nisk assessment performed for the OU1 Feasibility Study (FS) 1s intended to calculate and
document the human health nsks associated with OU1 assuming that specified remedial actions
are incorporated at the site  Thus nisk assessment considered the dominating carcinogenic risks

noncarcinogenic hazards associated contaminant pathways and receptors determined in the
PHE and calculated rnisk based on contaminant levels at the site due to incorporation of specified
remedial actions

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 Cl
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C.2 0 CONTAMINANTS OF CONCERN

The OU1 PHE (DOE 1994a) 1dentified the future onsite adult resident receptor as having the
highest potential nsk values for the contaminants 1 1-dichloroethene (1 1 DCE) carbon
tetrachlonde (CCL,) and tetrachloroethene (PCE) These nsks were calculated assuming
adequate groundwater present and available for receptor use The total nsk values in the PHE
for1 1 DCE CCL, and PCE respectivelyare 3 8E2 2 5E 3 and 1 1E 3 with the dominating
pathway being ingestion of groundwater for all three contaminants The contaminants with the
three highest calculated noncarcinogenic hazard indices (HI) 1n the PHE for the same receptor
assuming use of groundwater are also 1 1 DCE CCL, and PCE These three contaminants also
yielded the highest HIs for the future onsite residential child receptor and are of the same order
of magnitude as the adult receptor The three most domnating pathways for these contaminants
are ingestion of groundwater, inhalation of volatiles and dermal contact with groundwater
These pathways are all driven by groundwater contamination and, therefore this nsk calculation
focuses on groundwater associated pathways only Groundwater modeling results are used to
denive concentrations of contamination in groundwater at woman creek By companng 1mitial
modeling results with respective contaminant specific preliminary remediation goals (PRGs) for
Rocky Flats (DOE 1994b) PCE was deemed the most conservative contaminant to use 1n this
nisk calculation Detailed groundwater modeling results (refer to Appendix B) for PCE are used
to calculate carcinogenic risk and noncarcinogenic Hls

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 C2
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C 3 0 SCENARIOS AND PATHWAYS

Although onsite residences are not consistent with future land use plans a hypothetical future
onsite resident exposure scenarno 1s evaluated 1n this risk assessment The future onsite resident
1s assumed to live within the OU1 study area boundary at the woman creek location To use the
most conservative scenario for direct ingestion of groundwater one of the future onsite resident

scenarios assume that an adequate well water supply exists

A future onsite worker assumed to be an office worker 1s also quantitatively evaluated 1n this
nisk assessment The setting for the office worker 1s likely to have extensive paved areas and
well maintained landscaping It 1s assumed that municipal water would be supplied to the office
building and therefore the future office worker will not directly access OU1 groundwater

C 31 Exposure Pathways

Ths section discusses the potential release and transport of chemicals from OU1 and identifies
exposure pathways by which the future onsite resident or future onsite office worker may
potentially be exposed to site contaminants

An exposure pathway describes a specific environmental pathway that can expose an individual
to contamnants that are onsite or orniginate from a site An exposure pathway includes five
elements that must be present for an exposure pathway to be complete

Source of Chemicals

Mechanism of Chemical Release
Environmental Transport Medium
Exposure Point

Human Intake Route

An mcomplete pathway means that no human exposure can occur An exposure pathway 1s
considered to be potentially complete and relevant if there are potential chemical release and
transport mechanisms and receptors 1dentified for that exposure pathway

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 C3
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An exposure route 1s the pathway through which a contaminant enters or impacts an organism

There are four basic human exposure routes

dermal absorption through contact with so1l surface water or groundwater
nhalation of volatile organic compounds (VOCs) or airborne particulates
ingestion of soil surface water or groundwater

external irradiation if radionuchides are present

Chemucals that volatilize from groundwater and/or site soils and are released to indoor air also
represent a potentially complete inhalation pathway for the future onsite resident and office

worker

As documented 1n the PHE the pathways that dominated the human health nisk are associated
with groundwater contammnation Therefore the pathways considered 1n this risk assessment
will only consider groundwater contamination associated with the potential remedial actions
The following paragraphs describe the potential exposure pathways

Receptors that were quantitatively evaluated in the PHE were

current offsite residents,

future onsite residents,

current onsite workers

future onsite workers and

future onsite ecological researcher

Of these potential receptors only the future onsite residents and the future onsite workers could
be significantly exposed to contaminants in the groundwater Future onsite residents could be
exposed to direct ingestion of groundwater dermal contact with groundwater and inhalation of
volatiles that have diffused through the house foundation and from indoor use of groundwater

such as showening Future onsite workers could be exposed to volatiles that have diffused
through the office building foundation Since groundwater will not be used 1n an office building

no direct exposure to groundwater 15 anticipated for the future onsite worker These two
receptors and potential scenanos are considered conservative since neither receptor could be
OU 1 CMS/FS Report DRAFT FINAL

881 Hillside Area
August 1994 C-4
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exposed until the RFETS has been released for unrestricted use The remaiming receptors
evaluated 1n the PHE do not have significant exposure to groundwater and therefore were not

evaluated 1n this nsk assessment

C311 Future Onsite Resident

Contaminants that volatihize from site groundwater and are released to indoor air through the
house foundation represent a potentially complete nhalation pathway to future onsite residents
Assuming that site groundwater 1s used within the household inhalation of VOCs from indoor
water use represents another potentially complete nhalation pathway Inhalation of outdoor
VOC:s 1s considered insigmificant due to expected dispersal and dilution of the VOCs

Assuming that site groundwater will be used within the future onsite residential household direct
mngestion of groundwater contamination represents a potentially complete pathway Future onsite
residents also could physically contact contamnated groundwater Therefore dermal absorption
of contaminants from contact with contaminated groundwater represents a potentially complete
pathway

The location of the groundwater contamination for the future onsite resident 1s assumed to be

woman creek

C 312 Future Onsite Office Worker

Since the direct use of groundwater 1s not considered credible for this receptor the only
remainmng exposure pathway 1s volatization of contaminants from site groundwater and release
to indoor air through the office building foundation The inhalation pathway 1s then potentially
complete for the future onsite office worker Similar to the future onsite resident scenario the
mhalation of outdoor VOCs 1s considered incomplete due to expected dispersal and dilution of
the VOCs As with the future onsite resident the location of the contamination for the future

onsite office worker 1s assumed to be woman creek

OU 1 CMS/FS Report DRAFT FINAL
881 Hiliside Area
August 1994 CS5

e v, R o SRR, o o el Ak U A ol R

- st St b



C 4 0 EXPOSURE ASSESSMENT AND INTAKE EQUATIONS

Pathway specific exposures or intakes are quantified through the use of intake equations
exposure parameters and exposure concentrations Intake equations are pathway specific while
exposure parameters and exposure concentrations are scenario-specific and pathway specific
Exposure concentrations for this risk assessment have been modeled using groundwater modeling
techmques The generalized intake equations associated with each pathway and the non chemical
specific parameters that are used 1n the equations are presented in this section

C 41 Ingestion of Water

Equation 1 was used to calculate direct mgestion or intake of contamwnated water The
mgestion rate was adjusted i accordance with the scenano

= CW x IR x EF x ED 1
Intake (mg/kg/day) W x AT 1
where
CW = Chemical concentration 1n water (mg/liter)
IR = Ingestion rate (liter/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging tme (period over which exposure 1s averaged 1n days)

The chemical concentration 1n water 15 a modeled value and the modehing techmques are
described 1n the PHE (DOE 1994a) Some parameters vary between adult and child receptors
such as ingestion rates exposure durations and body weights The adult and chuld ingestion
rates are 2 liters and 1 hiter per day respectively Exposure frequency for residential receptors
18 350 days/year The exposure durations for adult and child receptors are 24 and 6 years
respectively The adult and child body weights are 70 kilograms and 15 kilograms, respectively
The averaging ime for a carcinogen 1s 25 550 days or 70 years
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C 4 2 Dermal Contact With Water

Equation 2 was used to calculate absorbed dose through the skin or intake for the future onsite
resident Ths 1s the only receptor that potentially can contact contaminated groundwater This
equation calculates the actual absorbed dose not the amount of chemical that comes in contact
with the skin

CW x SA x PC x ET x EF x ED x CF
Absorbed Dose (mg/kg/day) = W AT @
where
CW = Chemical concentration 1n water (mg/liter)
SA = Skn surface area available for contact (cm?)
PC = Chemical specific dermal permeability constant (cm/hr)
ET =  Exposure time (hours/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
CF = Volumetric conversion factor for water (1 hter/1000 cm®)
BW = Body weight (kg)
AT = Averaging time (period over which exposure 1s averaged 1n days)

The chemical concentration mn water 1s a modeled value as described in the PHE Some
parameters vary between adult and child receptors such as skin surface areas exposure
durations, and body weights The adult and child skin surface areas are 23 200 cm? and 9 180
cm? respectively The dermal permeability constants are chemical specific and their ongination
18 discussed 1n the PHE Aduit and child exposure times for dermal contact with groundwater
are 0 2 hours/day Exposure frequency for a residential adult and child 1s 350 days/year Adult
and child exposure durations are 24 years and 6 years respectively The volumetric conversion
factor for water 1s 0 001 lters/cm® Adult and child body weights are 70 kilograms and 15
kilograms respectively The averaging time for a carcinogen 1s 25 550 days or 70 years
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C 4 3 Inhalation of Auborne Contaminants

Exposure scenarios involving the residential adult residential child and office worker include
intake of airtborne contaminants The contaminants are in the vapor phase and onginate from
groundwater contaminants volatihzing and diffusing through either a home foundation or office
building foundation as applicable Assuming well water 1s used within the home the residential
receptor can also inhale contaminants volatiized during 1n home water use Dermal absorption
of vapor phase contaminants 1s considered to be a neghgible portion of inhalation intakes and

therefore 1s disregarded 1n accordance with Risk Assessment Guidance for Superfund (RAGS)
(EPA 1991) Equation 3 was used to calculate mnhalation intakes for residential and office

worker receptors

- CAxIR x EF x ED 3
Intake (mg/kg/day) ST 3)
where
CA = Contamnant concentration 1n air (mg/m°)
IR = Inhalation rate (m*/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging ime (penod over which exposure 1s averaged in days)

Both residential and office worker receptors have the potential to 1nhale volatihzed contammation
that has diffused through the foundation of erther a home or an office building, as apphcable

It 1s assumed that groundwater would not service onsite office buildings, therefore only a
residential receptor could inhale volatilized contamination due to indoor water use The
chemical concentrations in mdoor air (volatihzed through a foundation and volatilized due to
indoor water use) are modeled values as described 1n the PHE Some parameters vary between
the onsite office worker adult and child receptors such as inhalation rates exposure
frequencies exposure durations, body weights, and averaging tmes The inhalation rate 1s 15
m®/day for a residential adult (assuming indoor activities) and 20 m*/day for both a residential
child and office worker The exposure frequency 1s 350 days/year for a residential adult and
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child and 250 days/year for an office worker The exposure duration 1s 24 years for a
residential adult 6 years for a residential child and 25 years for an office worker The body

weight 15 70 kalograms for a residential adult and office worker and 15 kilograms for a
residential child
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C 5 0 TOXICITY ASSESSMENT

This section provides the toxicity constants used for nisk characterization purposes and
summarizes toxicological information Specific derivation of toxicity constants and respective
sources 1s discussed in the PHE For this nsk assessment, toxicity information summarnzed for
two categonies of potential effects noncarcinogemic and carcinogemic effects These two
categornes were selected because of the shightly differing methodologies for estimating potential
health nisks associated with exposures to carcinogens and noncarcinogens

C 5 1 Tetrachloroethene

Tetrachloroethene also known as perchioroethylene (PCE) has widespread use in the dry
cleaning and textile industnies It 1s also used in the cold cleamng and vapor degreasing of
metals as a chemical intermediate 1n the synthesis of fluorocarbons, as a component of aerosol
laundry treatment products as a solvent for silicones as the mnsulating fluid and cooling gas in
electrical transformers, and 1n typewniter correction flind PCE 1s not known to occur naturally
but contributes to water pollution through leaching from vinyl hners 1n asbestos-cement water
pigelines and as wastewater from metal fimshing laundnes aluminum-forming orgamc
chemical/plastics manufacturing, and mumcipal treatment plants  Air contamination 1s the result
of emussions and vaponization losses from dry cleaning and industrial metal cleaming (ATSDR
1992)

The effects discussed below are due to occupational exposure levels which are much higher than
the expected environmental levels Primanly exposure occurs through inhalation of
contaminated air or ingestion of contamunated water PCE can cause hightheadedness dizziness

euphona blindness, cardiac arrhythmuas, hypotension, cyanosis respiratory depression,
pulmonary hemorrhages, and central nervous system (CNS) depression 1n acute dosages When
chronically dosed, trigemal nerve impairment hver injury, and chapped skin can occur PCE
1s metabolized and excreted very slowly Individuals with diseases of the heart, hver, kidneys,
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and lungs are the most vulnerable to PCE poisomng It has also been known to cause jaundice
mn newborns from PCE excretion in the breast milk (ATSDR 1992)

Histonically few acute or chromic industnal toxicity problems have arisen from the use of this
solvent although researchers have reported both hepatotoxity and CNS effects Ingested or
mhaled PCE 1s mostly excreted by the lungs The metabolism of PCE 1s very slow a very low
percentage 1s excreted 1n the urine as metabolites Currently no wnhalation RfD 1s available for
PCE Oral RfDs have been calculated based on research with rodents Primary effects
associated with PCE exposure mnclude liver and kidney damage and CNS depression The oral
RfD for chromic exposures 1s 1E-2 mg/kg/day with an uncertanty factor of 1000 There 1s
medium confidence 1n this RfD because no one study combined the features required for deniving
a high confidence RfD Confidence 1n the principle study 1s low because 1t lacked complete
histopathological examination at the no observed adverse effect level (NOAEL) and
corroborative studies on 1ts teratogenic and reproductive 1mpacts are lacking (EPA 1994)

PCE 1s listed as a probable group B2 carcinogen 1n IRIS has an oral SF of 5 20E-2 and an
nhalation SF of 2 03E-3 Ths classification was based on studies performed on rodents where
mhalation produced both leukerma and tumors of the hver PCE 1s for the most part
nonmutagemc and has not been shown to cause reproductive toxicity

Table C 5 1 summanzes chemical specific constants for PCE

C 5 2 Concentrations of Contamination

Groundwater modeling was used to calculate the expected contamination in groundwater at
various locations downgradient of IHSS 119 1 The concentrations were modeled to include the
specific remediation scenarios starting in 1969 and continuing 1n time steps The scenarios that
were modeled are no action, continued use of the french drain and extraction well (1nstitutional
controls) and remediating the contamination at the source (remediation) The no action scenario
was modeled out to the year 2369 (400 years) the continued operation of the french drain and
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Table C 5-1

Chemical Specific Constants
Chemical Tetrachloroethene
Metal or Orgamic Organic
Weight of Evidence B2
SF Ingestion (mg/kg/day) 5 20E 2
SFi Inhalation (mg/kg/day) 203E3
Target System Liver/Hepatic Lesions
| RMD Ingestion (mg/kg/day) 10E 2 |
RID Inhalation (mg/kg/day) n/a
Dermal Permeability (cm/hr) 4 80E-02
H Additional Notes RID Inhalation no data
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extraction well scenario was modeled to year 2269 (300 years) and the remediation scenario was
modeled to year 2169 (200 years) The concentrations of PCE at the end of the modeling runs
for the no action and continued operation of the french drain and extraction well scenanos were
still nising shightly however the peak 1s expected to occur within a short time frame and at a
concentration that 1s not significantly higher than the last concentration result Therefore the
highest concentrations of PCE for these scenanios was conservatively used to calculate
carcinogenic nisk and noncarcinogemic hazard effects The highest concentration of PCE at
woman creek for the remediation scenario occurred during the year 2152 Therefore the
concentration for this scenario 1s assumed to be the 30-year average concentration centered
around the year 2152 The calculated groundwater concentrations were then used 1n the Johnson
and Ettinger (1991) so1l gas model which considers chemical specific parameters such as Henry s
law constant and air diffusion coefficients to calculate a vapor concentration mside a building
refer to the PHE for further details To calculate the concentration in indoor air from
groundwater use the conservatively modeled groundwater concentrations were multiplied by the
volatilization fraction of 0 065 mg/m® air per mg/l water This conservative approach 1s
consistent with Andelman (1990) and 1s discussed further mn the PHE The concentrations of
PCE and associated scenarios are summarized in Table C 5 2

C 53 Contaminant Intakes

The 1ntake equations discussed 1n section 4 0 use the nonchemical specific parameters chemical
specific parameters chemical concentrations and appropriate scenanos to calculate respective
chemical intakes Tables C 5 3 through C 5 8 summanze the carcinogenic and noncarcinogenic
mtakes by scenano receptor and pathway

C 5 4 Rusk and Hazard Ouotient Calculation

Potential carcinogenic nisks are expressed as an estimated probability of an individual developing
cancer from hifetime exposure to the carcinogen This probability 1s based on projected intakes
and chemical specific dose-response data called cancer slope factors (SFs) Cancer SFs and the
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Table C 5-2

PCE Concentrations at Woman Creek
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Indoor Asr
Volatiles Diffusing
through the Indoor Air from
Foundation Groundwater Groundwater Use
Scenario (mg/m’) (mg/1) (mg/m’)

Unchanged contamination 9 69E 10 3 60E-03 2 34E-04
discontinued FD and extraction
well operations
Unchanged contamination 2 32E 12 8 62E-06 5 60E-07
continued FD and extraction
well operations
Remediated contamination 157E 10 5 B4E-04 3 80E-05
discontinued FD and extraction
well operations
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Receptor

Resident with
Groundwater

TableCS3

Carcinogemic Intakes at Woman Creek, No Action Scenario

Volatiles
Diffusing
through
Foundation

Inhalation of

(mg/kg/day)

Ingestion of
Groundwater

Dermal Contact
with Groundwater

| Future Onsite 6 83E 11 3 38E-05 3 77E-06 1 65E-05

Inhalation of
Volatiles from
Indoor use of
Groundwater

Future Onsite
Resident without
Groundwater

6 83E 11

N/A

N/A

N/A

Future Onsite
Office Worker
without
Groundwater
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Table C 5-4

Carcinogenic Intakes at Woman Creek, French Dramn and Extraction Well Scenario
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(mg/kg/day)
Inhalation of

Volatiles Inhalation of

Diffusing Dermal Contact | Volatiles from

through Ingestion of with Indoor use of

Receptor Foundation Groundwater Groundwater Groundwater

Future Onsite 163E 13 8 10E-08 9 02E-09 3 95E-08
Resident with
Groundwater
Future Onsite 163E 13 N/A N/A N/A
Resident without
Groundwater
Future Onsite 162E 13 N/A N/A N/A
Office Worker
without
Groundwater
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Table C 55

Carcinogenic Intakes at Woman Creek, Source Remediation Scenario

Receptor

Future Onsite
Resident with
Groundwater

(mg/kg/day)

Inhalation of

Volatiles

Diffusing

through Ingestion of
Foundation Groundwater

111E 11

5 49E-06

Dermal Contact
with
Groundwater

6 11E-07

Inhalation of
Volatiles from
Indoor use of
Groundwater

2 67E-06

Future Onsite
Resident without
Groundwater

1 1HE 11

N/A

N/A

N/A

Future Onsite
Office Worker
without
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Table C 5 6

Noncarcinogenic Intakes at Woman Creek, No Action Scenano

(mg/kg/day)
Inhalation of
Volatiles Inhalation of
Diffusing Dermal Contact Volatiles from
through Ingestion of with Indoor use of
. Receptor Foundation Groundwater Groundwater Groundwater ‘
Future Onsite N/A 9 86E-05 1 10E-05 N/A
Aduit Resident
with
Groundwater
f Future Onsite N/A 2 30E-04 2 03E-05 N/A
Child Resident
with
Groundwater
Future Onsite 199E 10 N/A N/A N/A
Adult Resident
without
Groundwater
Future Onsite 1 24E-09 N/A N/A N/A
Child Resident
without
Groundwater
Future Onsite 1 90E 10 N/A N/A N/A
Office Worker
without
Groundwater
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Table C 5-7

Noncarcinogenic Intakes at Woman Creek, French Drain and Extraction Well Scenario

(mg/kg/day)
Inhalation of
Volatiles Inhalation of
Diffusing Dermal Contact Volatiles from
through Ingestion of with Indoor use of
i Receptor Foundation Groundwater Groundwater Groundwater
Future Onsite N/A 2 36E-07 2 63E-08 N/A 1
Adult Resident
with
Groundwater
Future Onsite N/A 5 51E-07 4 86E-08 N/A
Child Resident
|| with
Groundwater
Future Onsite 477E 13 N/A N/A N/A
Adult Resident
without
Groundwater
WFuture Onsite 297E 12 N/A N/A N/A
Child Resident
without
Groundwater
Future Onsite 4 54E 13 N/A N/A N/A
Office Worker
without
Groundwater
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Table C58

Noncarcinogenic Intakes at Woman Creek, Source Remediation Scenario

(mg/kg/day)
Inhalation of
Volatiles Inhalation of
Diffusing Dermal Contact Volatiles from
through Ingestion of with Indoor use of
Receptor Foundation Groundwater Groundwater Groundwater
Future Onsite N/A 1 60E-05 1 78E-06 N/A
Adult Resident
with
Groundwater
Future Onsite N/A 3 73E-05 3 29E-06 N/A
Child Resident
with
Groundwater
Future Onsite 323E 11 N/A N/A N/A
Adult Resident
without
Groundwater
Future Onsite 201E 10 N/A N/A N/A
Child Resident
without
Groundwater
Future Onsite 307E 11 N/A N/A N/A
Office Worker
without
Groundwater
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estimated daily intake of a compound averaged over a hfetime of exposure 1s used to estumate
the incremental nisk that an individual exposed to that compound may develop cancer Potential
carcinogenic risks are estimated from the following equation

Risk = Intake X SF 4
where
Risk =  Potential hifetime excess cancer risk (unitless)
SF =  Slope factor for chemicals (mg/kg/day)*
Intake =  Chemical intake (mg/kg/day)

Potential health effects of chronmic exposure to noncarcmogemic compounds 1s assessed by
calculating a hazard quotient (HQ) which 1s denived by divading the estimated daily intake by
a chemical specific RfD as shown 1n the following equation

HQ = Intake/RfD ;)
where
HQ =  Noncancer hazard quotient (unitless)
Intake =  Chemical intake (mg/kg/day)
RfD =  Reference dose (mg/kg/day)

A HQ greater than 1 0 indicates that exposure to that contaminant, (at the concentrations and
for the duration and frequencies of exposure estimated in the exposure assessment) may cause
adverse health effects 1n exposed populations However the level of concern associated with
exposure to noncarcinogenic compounds does not increase hinearly as HQ values exceed 1 0

In other words HQ values do not represent a probability or a percentage For example, an HQ
of 10 does not indicate that adverse health effects are 10 times more likely to occur than an HQ
value of 1 0 but that potential adverse health effects are of greater concern
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C 6 0 RISK CHARACTERIZATION

Risk characterization involves esimating the magnitude of potential adverse effects summanzing
the nature of the threats to public health and considering the nature and weight of evidence
supporting these nisk estimates and the degree of uncertainty surrounding the estimates

Specifically nsk characterization mnvolves combining the results of the exposure and toxicity
assessments to provide numerical estimates of health nsk These estimates are comparisons of
exposure levels with appropniate RfDs or estimates of the lifetime cancer nisk with a given
ntake

Generally to quantify the health nisks the intakes are first calculated as identified 1n section
4 0 for each applicable scenario The intakes were calculated from the concentrations discussed
1n section 5 2 and the methodology documented 1n the EPA RAGS (1989) The specific intakes
calculated 1n section 5 3 were then compared to the applicable chemical specific toxicological
data presented 1n section 5 1 to determine the health nsk

The health nsks from PCE were calculated to determmne potential carcinogenic and
noncarcinogenic effects as discussed 1n Sections 6 1 and 6 2 respectively

C 6 1 Carcinogemic Effects

Carcinogenic nisks from exposure to PCE were calculated for a future onsite resident using
groundwater, using public water, and for a future onsite office worker using public water The
source of contamination considered (1) maintaiming the current groundwater contamination level
and removing the french dramn and extraction well (2) mamntaimng the current groundwater
contamination level and continuing the french drain and extraction well operations and (3)
remediating the contamination source and removing the french drain and extraction well These
receptors and scenarios considered PCE contamination at woman creek Tables C 6-1 through
C 6-3 summanize the results of the nisk calculations by scenano receptor and pathway
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The three highest carcinogemic nsks at woman creek are associated with the future onsite
resident using groundwater for household use The nsks for the future onsite resident without
groundwater and the future office worker without groundwater are neghgible (in the 10" to

10' range)

The scenario that yielded the maximum calculated carcinogenic nisk assumed current PCE
groundwater contamination and removal of the french drain and extraction well (no action
scenario) The total calculated nisk for the future onsite resident with this exposure 1s 1 99E-06
with the dominating pathway of ingestion of groundwater with a nsk of 1 76E-06 (see Table
C 6-1)

The next highest calculated carcinogenic nisk assumed remediation of the contamination and
discontinuing the operation of the french drain and extraction well The total calculated nisk for
the future on site resident with this exposure 1s 3 22E-07 with the dominating pathway of
ingestion of groundwater with a nisk of 2 85E-07 (see Table C 6-3)

The third haghest calculated carcinogenic nisk assumed current PCE groundwater contamination
and continued operation of the french drain and the extraction well (Institutional controls) The
total calculated nisk for the future on site resident with this exposure 1s 4 76E-09 with the
dominating pathway of ingestion of groundwater with a nsk of 4 21E-09 (see Table C 6-2)

C 6 2 Noncarcinogenic Effects

The receptors and pathways used to evaluate carcinogenic effects were also used to evaluate
noncarcinogenic effects The hazard indices for PCE are the summed HQs for each exposure
pathway If the hazard index exceeds unity there may be a concern for potential health effects
and the exposure should be evaluated more closely Tables C 6-4 through C 6-6 summarnize the
results of the HQ and hazard indices calculations by scenano receptor and pathway
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Table C 6-1
Carcinogenic Risk at Woman Creek, No Action Scenario

Inhalation of Inhalation of
Volatiles Volatiles
Diffusing Dermal from Indoor
through Ingestion of Contact with use of
| Receptor Foundation | Groundwater | Groundwater | Groundwater TOTAL
Future On 139E 13 1 76E-06 1 96E-07 3 35E-08 1 99E-06 1
site Resident
with
Groundwater
Future On 139E 13 N/A N/A N/A 1 39E 13
site Resident
without
Groundwater
Future On 137E 13 N/A N/A N/A 137E 13
site Office
Worker
without
“ Groundwater
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Inhalation of

Table C 6-2
Carcinogenic Risk at Woman Creek, French Drain and Extraction Well Scenario

Inhalation of

Volatiles Volatiles
Diffusing Dermal from Indoor
through Ingestion of | Contact with use of
. Receptor Foundation | Groundwater | Groundwater | Groundwater TOTAL
Future On 332E 16 4 21E-09 4 69E 10 8 O01E 11 4 76E-09 |
site Resident
with
Groundwater
Future On 332E 16 N/A N/A N/A 3 32E 16
site Resident
without
Groundwater
Future On 329E 16 N/A N/A N/A 3 29E 16
site Office
Worker
without

Groundwater
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Resident with
Groundwater

Inhalation of
Volatiles

Diffusing
through

Table C 6-3
Carcinogenic Risk at Woman Creek, Source Remediation Scenario

Ingestion of

Dermal
Contact with

Inhalation of
Volatiles
from Indoor
use of

Receptor Foundation Groundwater | Groundwater | Groundwater | TOTAL
Fl-'—-'—r-————_———-—-——
Future On site 225E 14 2 85E-07 3 18E-08 5 43E-09 3 22E07

Future On site
Resident
without
Groundwater

225E 14

N/A

N/A

N/A

2 25E 14

Future On site
Office Worker
without
Groundwater
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Table C 6-4
Noncarcinogenic Hazard Indices at Woman Creek, No Action Scenario

W
Inhalation of Inhalation of
Volatiles Volatiles
Diffusing Dermal from Indoor
through Ingestion of | Contact with use of
Receptor Foundation | Groundwater | Groundwater | Groundwater TOTAL
Future On site N/A 9 86E-03 1 10E-03 N/A 1 10E-02 1
Adult Resident
with
Groundwater
Future On site N/A 2 30E-02 2 03E-03 N/A 2 50E-02
Child Resident
with
Groundwater
Future On site N/A N/A N/A N/A N/A
Adult Resident
without
Groundwater
Future On site N/A N/A N/A N/A N/A
Child Resident
without
Groundwater
Future On site N/A N/A N/A N/A N/A
Office Worker
without
Groundwater
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Receptor

Future On
site Adult
Resident
with
Groundwater

Inhalation of
Volatiles

Table C 6-5
Noncarcinogenic Hazard Indices at Woman Creek, French Drain and
Extraction Well Scenario

Ingestion of
Groundwater

2 36E-05

Dermal
Contact with
Groundwater

2 63E-06

Inhalation of

Volatiles
from Indoor
use of
Groundwater

N/A

TOTAL
2 62E-05

Future On
site Child
Resident
with
Groundwater

N/A

5 S1E-05

4 86E-06

N/A

6 00E-05

Future On
site Adult
Resident
without
Groundwater

N/A

N/A

N/A

N/A

N/A

Future On
site Child
Resident
without
Groundwater

N/A

N/A

N/A

N/A

N/A

Future On
site Office
Worker
without
Groundwater

N/A
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Table C 6-6
Noncarcinogenic Hazard Indices at Women Creek, Source Remediation Scenario

W

Inhalation of Inhalation of
Volatiles Volatiles
Diffusing Dermal from Indoor

through Ingestion of | Contact with use of

Receptor Foundation | Groundwater | Groundwater | Groundwater TOTAL

Future On 1 78E-03
site Adult
Resident
with
Groundwater

Future On N/A 3 73E-03 3 29E-04 N/A 4 06E-03
site Child
Resident
with
Groundwater

Future On N/A N/A N/A N/A N/A
site Adult
Resident
without
Groundwater

Future On N/A N/A N/A N/A N/A
site Child
Resident
without
Groundwater

Future On
site Office

Worker
without
Groundwater

OU 1 CMS/FS Report DRAFT FINAL
881 Hillside Area
August 1994 C29
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The calculation of HQs and respective hazard indices did not yield a significant noncarcinogenic
hazard (1 ¢ did not approach unity) The highest hazard index 1s 2 SOE-02 for a future onsite
child resident with groundwater assuming PCE contamination and discontinuing the french
drain and extraction well operations (no action scenario) (see Table C 6-4) The dominating
pathway for this receptor 1s ingestion of groundwater with a HQ of 2 30E-02 The remaining
hazard indices ranged from 1 10E-02 to 2 62E-05 HQs were not calculated for receptors that
do not have access to groundwater because the only applicable pathway for these receptors 1s
mhalation of volatiles diffusing through the foundation and the PCE inhalation RfD 1s not

available

OU | CMS/FS Report
881 Hullside Area
August 1994 Cc 30
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C 70 SUMMARY

These residual nsk calculations discussed in this risk assessment were intended to develop a
quantitative assessment of the nisk associated with appropnate receptors and scenanios after
specific remedial action alternatives have been implemented Based on information from the
PHE the most conservative contamination scenarnios receptors and pathways were evaluated

Concentrations of contaminants were modeled using groundwater modeling techmques and then
receptor intakes were calculated The intakes were combined with toxicological data 1n risk and
HQ equations to calculate potential probabilities for carcinogenic nsk and noncarcinogemic HQs

The carcinogenic nisks and hazard quotients were then summed by scenario to yield total
potential carcinogenic and noncarcinogenic effects

The maximum calculated carcinogenic nisk 1s for the no action scenario The total nisk to the
future onsite resident with groundwater 1s 1 99E-06

The hazard indices calculated for the scenanos and receptors were not significant (1 ¢ did not
approach umty) The maximum hazard index 1s 2 50E-02 for a future onsite child resident with
groundwater assuming the current levels of PCE contamination, and discontinuing operations
of the french drain and extraction well

OU 1 CMS/FS Report DRAFT FINAL
881 Hllside Area
August 1994 Cc i1
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APPENDIX D

POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
(ARARs)

e edo W e dbaBinle o s .. [N, - BT -



CHE €80 I$ | 09T°2¢ | 6aT ¥ | 6OTO BARSUINV JO 1900 w101
coc'ovL’TS Tob [ [~ ] 1aRcONp %8 & FI90) sansory 904 103,
Ezg'zotg b o8 ) 91963 SIMIOL) 1904 VRV 930
1 | I 1 1 1 1
o) ] o 000 o3 Wovd -ﬂoi‘-sgt&;is_ Toeveivnes|
| [ | J ]
=) od (2] ] I | I I ] IR JNTPU] SIS 100
] of o 000 ¥y v 900 0PEOWGIS S0P WOl 30 ROT o Lesmena ]
] of ] of "1 990 D¥D3 TR 50qu) 3 Jaseedibe SR Perp emneop 160d 18 20T
WO PNPR] sstse) WNJ
[00V'Ri§ () oF o} $3580 108 SO 1od NIEIPE
1 ] o} of WA | 00 00T 3 1 W PO0A ™3 WM
1 o§ ) of F 9id | 00009'TH _ - _ 3 _ _ L W 1 vodmng Smvapanoap Hego)) Dsaetnac]
S00 TN SIMSOE) Ieg PRy
08 08 o8 r 1O NYO 10
) od (o) SIS $oeiNd RO Il_-.s.__.-ll_ _

000 VIS R LS [T 3] [1{] #3003 PRI PRAT
.0 I To8¢ ["] sz
001 T§ Z07 1§ 9
[ of [ 000 Tig v
of (3 1998 [ 006 3 v
of (3] [ of Wi We) DYDd
[ [ ) ozzé of_ i P k] X e
o8 230 otie of ] ___3oqu] ¢ Juendinhe ‘SieRee e b %9 ]
o 3] o [ L e W | hoq J0q¥ PP FoUe g WSO FNLINTE Gf 05-1§ ¥ 20q8 PETP Jo £0T SN ¥ 00%1 SN
Te0'901¢ 000'0019 [ €o¥ (5] [oF
[} [T x<] (] ]
o 0298 [ of
[Z) [ 2] og (]
T 000'001¢ [] [ ] o
998 3 [3] 00Z'c$ (2]
lﬂlé
90 areg

UORIV ON -0 2ARWUWINY 1-7 Siqel



9UT'L§ |66t ¥ | 0019 SAFRBIANV JO 1900 101
08 (=] o8
o od (=]
T I T
o =] (2] @00 Tug Woea
| 1
o o -] 1 |
[-] ] 2] 900 Py e
] "] ] W 950 DVOX
COVSLe [~ ] ob
00V 29¢ [] ] o8 jen) opowp_ | 06001VE | i 1.
000518 o8 o8 7] g [o00on T8 | T T
oF [ 3 o _ 790 WO
[ [ ] o (7] H‘le--e.oo..n--!..
ggl‘dl
0 T T 20 % S 5 1 ) ﬂaﬁ
[T00'9e8 000' 569 ) ) 2] 900 Tug Wea “S0a0s JUIEN0 ISEHPU| PUS 08P IO WOB|
[T 13{] 000'0T$ [ 1k 20T°1$ [ ] 9900 OREE) 100RPEL '«3‘.—
00001$ 080 018 o8 o8 [ 000 oy 1vd TYP00 JOYUEYEIoNEP ¥ HOT 3] IR
L] (] 1988 ) 0 000 Py poug 2041 ¥ Yool PP SN PUOQ ¥ WOl PENBAG
(] ] ] [ 50 DVDR 09 § Vavadp VP > %01 — -
ﬂ ] ﬂ m‘ g [k - PP $6i . ORISR
=3 o ) [Ji{] (-] Woanbpar Joid ok Ko W AP 50 50 ]
o L) [25) ) vt [ R B THON J04P] NP GDUE 2oy 1000 VYIS B OF T§ ¥ 29q91 PeRP P %01 WO ¥ W1 N
50 e
Q00'001$ TOVES  |oeeth o 'ﬁﬁllﬁ
0] 005 5% ] ] Yot Joi; (3] ]
oF_ (=] ] o “TRRIpng 304, 006 _ aq
of oovs (] [ PP 900N L]
0000013 ] ] 2] “yonh JopeeA | 05000'SKE ﬂl*w
o8 Toet 005 T8 0] g vy 00 THeS | 0000EES i
) 900 , g 364 Sy ]

URIg Youlsy ) INOYIA SI0IJU0D [PUORRINT] 1 JARSWINV T-F JIQUL

L NI S S



cTe’Lons cEe'Lote [T3 o oF N0 SIRNE) Wed [PRNRY W)

i) cOe'VES (] ] o 000 oy Woes
[ovwrze 17 o0 ] =)

oL oVgLe of ] [ 000 g TP

] (2] (2] (-] (2] g ™) DBDE
0OV [ XN o [~ ] [ ]

00¥'L9% 00¥'L9% (] [7] [ 20PUSA

000918 000918 [ [] 3 yasunlpng Joid

|

SETcoe HId CoEeo0nie |00 o o8 i
000'900% 089°'000¢ o [2] ]

090'STT O80°'CTES ot [ o 900 o3 Wovd

VI ] o ) o :
000298 000'L9% of ) ] 600 Tl Tovd

o of -] [ ] -] 900 Jay o8

0] o of of o8 W3 w00 DPOR

[ [.] -] 7] ] 00 Iy ‘o4 Aw
000'0L0%_ Joco'eiae | od o8 Jod L m
000'9L9% BT _Jos o8 o 1 ( “JoocoosLes | 1 1

19001y |Cooevie o I ] (3]

[ 000°'SCS 008'1$ (2] -] @80 oy wwa

WeT1s 000°01$ 41 ) "we ¥
000019 050018 of of ob_ 00 Jug A ,m
[} ] oLt ) o 900 Juy B

) ("] zies (] o 3 950 DYDS

31 [ Tics o -] |

(=113 -] 9918 o o g

96E$ o e of " 600 Sy g
[ocT's0T8 0000019 (X ) ) b . 5
007 2§ (2] 00T T$ [ ] [~} e F

[25] o8 oves [ ] 2] FRnBpng Jai

[s] ] oov$ o ] TRRDPRE g

00000T$ 0000018 [ ] ] aond) Bposp w
RO WL | eeec-4he | _ < L

L ] ,

TR gouald oq) YA SIoNUC) [VUORRIPST]  ARTRINV §-3F JqeL



(r661 51 3ump) woday yuaq ey 1y Kysog 1y

a!!mgutag!g!!l:i.!tlagtiai]lg!d m

LTT'e8Y 21§ | 910'D6Y°L o01¢ SATREINY JO 995 Tea]]
[COCNZTE__ |06 OvE' 1S (] _ {0y eneony % @ ﬂ.ﬂqalo.l.ﬁla.llul..ll!#,

oy s &mm

Mémm



whbibin s ol

sislgl [a(a]s

2AVR (288

s [sl=[a(=g] (3] (2] I8
sig [slslaale] 8/ I8

—
.

:

i

&

§ it i

22IR( || |12B8 8 R 3 L 8RS 88 8|8
% _sggpgiia M gl ¢ s |8 3

§83 g Sﬂt RURIBIRIB

ﬂsg 2 |8(&

»

1 ThE M BERE BanaccE 2

ﬂ 3

g :

i

i
i

STIPA uoRIdeIixy [FUORIPPV NIA UFRI(] YIUIL] PIGIPON € JAPRUINY -3 MqeL




(Y861 9T ouny) yiodey Yea(l Wwid BL] SPoy TV SIPY] Weenuel] Jegugy Sunery Jo UORESHn | amgn g Mg wey] Lreupmrard | eovt] o) Uy pesuevesd sw meoo Suneaede (ervme yuseesdes ee) (1)

19'0V0°L1¢ | Q10'6TO'LIS

oze'cte

-.jﬂ..l

ey

[cosors 16 sec'ors 1¢ 2] (-3

TTO'LOT TTH 0TS [ o o8

[ 3] To8'vee [ os (]
79900 (599, = ] by R

o

S A



|
{

g

5'§§

?
g 18
L
sl (8 |3
3 |8
a |&

T
COEeoe

212 RielS
ERLEEIL

)

%

1

38 STEE

i

g 888% § g|8| B8 |88 % RR(K 888% 2R B8 3|3
g g * |

HE

sid siaizia/aiziala] /3 [sla g/l 3] [afaa] [ala]z

g

e PR W

5388 885 88§§§888 KK 8 18] |8
SSﬂl 8&! &ﬁgﬂiﬂ&& 248 ai 8§ & S&ﬁ 83

2(z(z/a[ [gla[s

88%%

i
!

BoRdenxy 10d8A [108 YILA Sujdumd 19jempuncsp) y sARVWINNY Q-3 qEL

mi AR o e

BB eSS it 2 o



LIZ 1¥1'8% | 219°00T L8 Y06 96 | LIN'TEIS
CLL SNy |CLLSRO TS O} [ ) ()
Tewzois Tte 20 oF ] o
TS ) o o o
271 [T V1] o [ o
o] el [ [ ]
o [} o$ o 2]
[ooVLes > o8 n.. %

[ [ ]
roore oot Tob % .
[To0 PRC 9% | ORZ 09 ¥ | 9Or oCZs 108 |
[TO0SeE1¢ | 911°'000°'T9 | 00T'C0Ee | 06 ]
CE NG i) o (]
SSO'LEIS 90T'0LS eEL'0ve (3 1)
9T 0L [0 [*] [~} [ ]
oes of [ ) of wo'es
[eT818 o8 29018 o (]
10TV _ of L9004 ] oves |
C i) 000 SOLY LT 201 o ¥
i of [T [ [ 3
[orc'es o8 [1] [-]
[00'ELS oF COELE L] o
CCIN of [ % |owed
ozL 98 2] [7% ] [~] [-]
000'9L96 000'9L9¢ [ [*3 [}
Co . T [ o ®
1998 [ (-] o 1998
018 of [ o8 018
i e 08078 ] o8 (]
00g’01$ 008°0T$ [] [7] ]
06028 [ [T 441 ] [ [}

TSI N9l | enieeoena | seqwy | eba 7

L it bl s

it S MR e Ml op. alsen



G0 [{ $ 2] ] []
196518 3 19696 [ o2l ) 1]
€99 [ Ty (il ot
(2% of si9Te [0 906
2 (2] 99T 1S [ [ ]
tez'es ) (01 [ [T
30 (1] eoL'cs Lig'Te 7]
VoL TOC 1 OIS YIT 1Y | SET'8ES [CTX 1] [T ]
208 [ [153 918 [
98 [, ] (2] o [~ ]
919's8 [ 919'cs [2] []
00V'vS [] [as] o []
00'1¢ [2] [ i) (-] (-]
 000TS [ 000T$ [} [}
0000018 000'001$ of [ o
[35] [-] ] (]
| DCVOTS of [ %6V O1 (3
608 [ [ o 00N __
(VS (-] (232 (]
0000098 000009 [ (] [ ]
000'08% 000'08% [ [0 [ ]
0958 (] -] [ =] o8
00008 00098 of 3 of
00098 00098 ot (2]
(1] [TX:] [ (7] o
00972 009'TTY (] [ ] [7]
00T T8 o8 0068 o8 0008
.«ﬂﬂﬂl ” [331] [] £
$ 1898 [.] $
[aeg01s o708 o8 C) L
000'SL5S 000'9L5$ o [ o8
909'1$ [] [ [ [ I
0008 [ 0008 [~]
000098 000098 [~ ] [Z] [ ]
005§ 3 3 009’18 _ of
000C8 o [~ ] 000TS 2]
[ 00a'st oF 00078 o8
000'%% [ 00998 of
0 PG | 1oenimooqed | el | Seea )
e eieyg

[ER . g,.‘i PR

e st i T M A e



SO0 110 1§ | 969118 ) o0
TEOL0TS £Te'2018 [=] () [~ ]
99 8¢ €98 e [] [ (2]
L4 oye'Ls [ ] (=] ]
[0 9L [ o8 [
0§ o 2] [~ ] [ ]
[00V'SZ8 Qov'RLS o8 (-] [ ]
00’298 009'29% -] [[] [
000 918 000'918 o8 [ 3
[TOE'OVT 69 | CORCous |08 LX)
LEC'OW'Te | set'eLl 1¢ 0L’ 108 [
3] 981 OLTS seo'aLe [ o8'Le
TeL'8LT iR oL |0 (2 10]
(028 Wﬂ- o8 % o8
(<] i ]
[Syets Fo8 180918 o
108728 2] L80'81$ ] [12]
[etTHI0 IS |oeroses  [oLcoRis [0d LV
[Gogots of 007018 of
e of (] [-]
000'NTE [ ] 009'I TS (-]
Svm (] 2]
0% [ ] [T (]
G T o )
,g D00 ETE C] o
OFLITS (1] (] o8
ﬁ (] ) 1908
[ ] ] i3
i ewor ..
3 o1
[ois'oe8 3 (31 ot oL
SILIOI [SOVRCLIE [0V 290 [9ec 96t [T
190°SEY$ TEL 009 188'S 3] oev'se
120'Z919 TEVisie 168618 |80t T1d 5]
D el | anymso-ang et E T T ]

L

e it e RN v




gg!s%iiuigiggigéligi
(V86T 91 Suny) Jiodey Yeiq] ‘Wvld BwLg SPey IV conpe earises], seyuy Sumerry

(SIVTIoP ¥06T 1 9 W00 (90y @3z (ONoRp B9 @ X) Toewniven o

tgéaslési.éﬁjiliggggﬁ
Bone1dmes wedn eond sexw; Jer o)) Pendey amyng (1)

EST'1609 | SEC'DCY
i

e

BARWIRY JO 1003 01

j’ﬂjﬂ

2

6&&&% Mg S Ty et s satoe Al T ST A,

i Din B, st s Rt nmanrtois e,



f

(] (] o¢ TI00 ISPRLYHOGE J0 K01 2 oiuEoes |
3 [ 3 of #3000 30qV] i FoSRdmbe ‘FINIIE AP Jo %6 OF “POOR ¥ Wi PPNIA0 |
(3 (-3 ot QW03 Joqe VLNEE PP 0 %01 W ooy |
of ) o} T 20V PEITp TPwe g 3900 (VISP W 09 1§ Y 9] TP 28 %01 WO § T W
%) 3oenpE] N0 [PRuTY
o8 (] (=] F196) NG NP0 WIgRg
|
os o ] 74 4ﬂﬂ* WSEWII], DR APANOID
WL, VH/INI @ 100uryons, Jnysapanesp)
3000 30080 NVO [Veuwy]

L
2

|

§

3
i

1

8

L
DEDNF

§
4

IGE quy PP %01

|

fen b ] PONP Jo %01 e en®]

o | PP IO 49 R

EHE

2
THON 201 Vatp 15w 3 1960 HULIEE U OF T8 ¥ 364V P b K0T e b
3 Pasi|  omsian vy dea

g BRI IR
i e
FISEE

i
%

o¢ =] 166'1$ [2]
] of o8 ] wjonly Sopas,, vl | i1
[2] o't ot (] f o | N
0000018 of ) o8 _eonly speey | -
) or've ] [ ] N
of 0h0'Te ] o8 Taveslipag Jeig N
o8 00078 o8 [ yaownligas Joig N
000'9.08 of oF o onl Jopana
[ ] 081 [ 00,18 (%] R
o8 o8 [ ] o0 R0h epusy -
0005218 of o of Wl opia l
1

“ (-] 009°'1§ o 3 [

[ ] 000 [~ P $ A
[ 06Tt ok o8 L
(=] ’ o [ N joex

e Tk ] AN
#3807 areg S0 S08) 030G

Supin reopeyoom i wopioofuy JIVIOH 9 sapvwid)ly -3 apquy



(r661 St 3wnp) 1odoyg Yuag ‘Yaugy £eL.] £300Y 1V SORNI] Famwas] 398 SURSTIE JO SOPNTHR) AN 20.] Weg§ KmupERal] [ JVRg 20 W P d o 13902 Sepe1ado peawes easasdar swo) (g)

(SI300p PGGI W1 512002 [UI0) NEIWMOINP %5 @ T A) WATNIN J0 wopeduwnd woda 23upd s3xwr Jee 1000 feded amnd (T)

‘sapdures Krowmguoo pws yssunsan sodea sapaiow; 90D (1)

084 0C0 98 | 96C €06 ¥8 | ZEI'SYY | 8ST NIY | 160°V8 SARQWRINY JO 100
0L0'08L 18 _j 02008218 (08 2] ]

T 2016 TS 2019 [] od ob

e VEd Toowves of o o

[ ¥1] [ 11 (=] (] o
=K [0 [ ] ]

] o ok [

[ 00Ov'SLY 00V'LS [<] [~ ]

00V'L9$ 00V L% [.] (2] [}
000918 000'9T$ -] [ )
[SeeZovie_ | ote Ze0 19 |08 o8 o8

000'9008 00V 9909 o [ o

000 ST 0890 $TTH o$ [ [
| oon’zee 000 LO$ [=] ] —

91900 V81 | Penmooqug oge by SN

1
{



2

8
:
Il

008 2008 wos

e
]

-l
g5

«wos (5]

€s s [ 1 ises

7

(9% [ (1] 00000 9(5%

L [%] 000578

i 0% A___|ooezis

661 13 [ A |00€58

uress ]

i$ wonl sopep | 0000815

3 woa) PSA__ | 00000PS

16918 wosh 3opesp | 00513
00998
00'9%%

3883 I (KRR

3
H
%ﬁé;?ﬁ}%#é&ﬂ#f

L

weig
(a(} N
[1%:] oLTS
00 0078
wos_{ais %)
Wl et 1D 0
1608|9808 10 BerY
ot |iese 10
o0%es_| ST iEe MM!;

b

8 (3 [® [2(si%® [BigRE 33 2R FEE B §s§ sl (8] |als] | | ﬂ

QI B|R| [} (B] [B|RIVR] [B1B|BI]] (KX 1]]8[B]R §§§ g 21213| |} 8| |3
- ©

5
L
i
BB 3l= &
il

REEE
88

-
20 Se

i
!

sdumy dimng I [VAOWIY I2IRAPUNGID PUE BOFINASIXY [JOF LOARSWINY §-3 91Vl



619'C60'CI§ | ¥00'000 114 | 0BT'R0N
[S10Z018 __[olswez19 ] Zove ovg Ve e TI00 SIS o
€00 2018 TTV'LOT [3] [1] C Il #}907) eIMO() W [ENUTY
s16'vEs o0 vTh ] " ) 000 Py Woug
oe'Ze ore 1] (3] )
(1] ovais o ] ot 00 ey v
olg (2] [13 13 ” g W80 DYOT
] 00V '8Z8 219 1i{]
668 o¢ s 18 ) 7 is akpeiy pemasoag I %01
0¥ 19§ 00¥ 29§ [ of o wnh sepesp | 00 00T w i
000918 000918 [ [ o8 3| 0000918 [ Sdwvg IR apaneiD) BIoD) ey
D WA SIS i
o¢ 2] (] 0 [ ] T jgm
[T [T ot [ [ 9308) 3005 NVO
1 I I 1 ) 1 1 ltj\_
Va0 1eNd N0
[000°0EE' T |V crace | coevess | 00C 608 | GEDVIES -~ ﬁ
00L°S19 T8 X 0RO STI® | oviovis | otn ovd 00 ‘Puy woug $3990 (O33R0 J0GHPE] PES 0P ¥ %OE
0OV 1§ 768 c608 TIY 6818 | De0'DeIs | 981 128 #1983 WeIPE] PIIE
V666698 ¥56't69% ) o8 of 600 Yoy Tva VYN0 INPRITROOS 6 K0T 0 JowRmOoPE
oL e9is of 060198 16068 190528 00 Ty 1984 o ¥ PP %E 9T POOR 9 WI0g PeRPAQ
aaaaa of o9L'128 199°ce8 £08'018 W3 W0 HYDA TNGE 3oqe) ¥ ‘Tuowdinbe ‘Svrae)v™ Peip )0 %01 wondewy polerg |
LT ot TN 908 678 vei'ss yoemedpug Joid 2oqu] 3 Jusaediabe ‘WeLINVE eIt 15 %01 e ]
LETES ] TL0ETS 09 41§ 18998 ____| toewadvag jeiq Foqu] 3 Joeesdimbe ‘sfeise e 130ITP 10 %9 |
WO FIRL | 1oRjees-4eg o1 | emby 5] [T RIS TN ] W [ ey
TS el i

JURNTY. 4 R

L e, e



OU-1 DOMESTIC WATER SUPPLY SIMULATIONS

The results of computer simulations of domestic
water production capabiliities from subsurface units beneath
OU 1 at the Rocky Flats Plant Goiden Colorado

This work was performed by the Geosciences Division
in support of risk analysis studies

December 14 1992
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OU 1 Domestic Water Supply Simulations

INTRODUCTION

To investigate the water production capabilities of the colluvial matenals
beneath Operable unit 1 at the Rocky Flats Plant several transient pumping computer
simulations were performed These simulations were designed to determine whether
these saturated materials could produce sufficient water to supply a hypothetical four
member household A daily pumping requirement of 240 gallons per day (gpd) was
assumed based on a daily water requirement of 60 gallons per person

METH

Simulations were performed using the USGS MODFLOW groundwater flow
simulation package (McDonald and Harbaugh 1988) Input parameters common to
all simulations are listed in Tabie 1 Simulations were run using a daily time frame
until the pumping well grid cell went dry or the end of the simulation (365 days) was
reached

The pumping well was located at the center of the 19 by 19 gnid cell array A
varniable grid spacing ranging from 5 feet at the well to 50 feet at the boundaries was
used to provide realistic drawdown conditions near the well The grid spacing for
each scenario are given in Table 1 and shown in Figure 1 The specific yield came
from lab analyses of core sampies and example values from the iiterature for fine
grained maternials (Fetter 1980 pg 68) Boundary conditions were constant head
equal to the initial head

Table 1
PARAMETER VALUE SOURCE
Hydraulic Conductivity 1E4t0 1ED Table 3 6 of OU1

cm/sec Phase Ill Report
Specific Yield 010 Lab analyses/hiterature
Gnd Spacing (variable) from 5 to 50 ft Assumed
Hydrogeologic Unit Character Unconfined On site observation
Inimial Saturated Thickness 10 ft Figure 3 36 of OU1

Phase lll Report
Boundary Conditions Constant head Assumed
2



OU 1 Domestic Water Supply Simulations
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Figure 1 Figure shows 1/4 (upper nght hand quadrant) of an example mode! grid
in model 'well 1s at center of gnd Gnid spacings in feet The number of grid nodes
for each model may differ but gnd spacings are simiar Not to scale
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OU 1 Domestic Water Supply Simulations

1 PM RI

For this scenario a pumping rate of 1 5 gpm was used This rate is below the
3 5 gpm rate commonly used for domestic wells and as such 1s conservative Each
day of the transient simulation was divided into two stress periods and each period
was divided into two timesteps The first 2 7 hours of each day was used as a
pumping period It was assumed that the household maintained water storage
capabilities and that this pumping period was used to replenish the water storage
system The pumping period was based on the total daily water requirement (240

gal ) and the pumping rate (1 5 gpm)
240 gal/(1 5 gal/min ® 60 min/hr) = 2 7 hrs
The remaining 21 3 hours of each day allowed water level recovery to take place
To determine the effect of uncertainty in hydraulic conductivity two

simulations with different conductivity parameters were run The results from these
simulations are shown in the following table

Summary of simulation resuits for 1 5 gpm scenario

HYDRAULIC WATER
CONDUCTIVITY | PRODUCTION
(CM/SEC) DAYS
1E5 <1
1E4 <1

Results

For the 1 5 gpm scenario the pumping well grid cell went dry within the first
day of the simulation regardless of which hydraulic conductivity was used This I1s
consistent with the low hydraulic conductivity and small saturated thickness observed

for 881 Hiliside colluvial matenals

. R Lt I sz PRI e etz RV
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OU 1 Domestic Water Supply Simulations

MAXIMUM POTENTIAL WATER PRODUCTION

To further investigate the potential for water production from the colluvial
materials on the 881 Hillside several simulations with differing pumping rates were
performed These simulations were not designed to produce 240 gallons of water per
day but instead were intended to determine a potential maximum water production
For this reason each day of the transient simulation was divided into two stress
periods with each period divided into two timesteps The first 12 hour stress period
was a pumping period and second 12 hour segment was a recovery phase Again
two different hydraulic conductivities were examined All other simulation parameters
are as listed in Table 1 and shown in Figure 1

Results from simulations with a hydraulic conductivity of 1e-4 cm/sec are
shown in the following table Each row represents a different pumping rate {(given
both in cubic feet per day and gallons per minute) The "Dailly Water Production
column gives the equivalent daily water production rate in gallons This i1s the rate at
which water was being produced prior to any desaturation of the weli cell within the
model and assumes a 12 hour pumping period The "Water Production Days column
gives the number of simuiated days before the well cell was desaturated (dried up)
Values for "Water Production Days"” greater than 365 indicate the well cell did not
desaturate during the simulation

Simulation Results with K = 1e 4 cm/sec

PUMPING PUMPING | DAILY WATER
RATE RATE WATER PRODUCTION
FT*3/DAY | GPM PRODUCTION (GAL ) | DAYS
100 052 374 <1
50 0 26 187 35
35 018 130 435
30 016 115 2215
27 014 101 > 365
S S e e
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OU 1 Domestic Water Supply Simulations

Results from simulations with a hydraulic conductivity of 1e 5 cm/sec are
shown I1n the following table Column and row descriptions are as listed for the
previous table Note that pumping rates are lower than those in the previous

simulation

Simulation Results with K = 1e 5 cm/sec

PUMPING | PUMPING | DAILY WATER
RATE RATE WATER PRODUCTION
FT*3/DAY | GPM PRODUCTION (GAL ) | DAYS

27 014 101 225

10 0 052 37 925

5 0 026 19 705

25 0013 9 > 365

w

An additional simulation was run using a hydraufic conductivity based on OU 1
field measurements The geometric mean of single well tests in colluvial matenals
was 1 75E 05 cm/sec Using this K and the same values presented for other
parameters gives a maximum pumping rate of 6 O ft*/day (or 22 4 gallons per day)
for a 12 hour pump period without desaturating the well

Results

The results from these simulations to investigate the maximum potential water
production capabilities from the 881 Hillside colluvium indicate maximum expected
production capabilities that are less than 10% of that required to supply a family of
four (240 gallons) In reality long term production rates wouid be lower because of
the constant head boundary conditions assumed in the model This type of boundary
condition would represent an infinte water source to the well given a sufficently low
pumping rate Actual field conditons on the 881 Hillside consist of saturated regions
often surrounded by desaturated zones which would limit long term water production
capabilities The simulation also assumed a consant saturated thickness across the
model domain Field data from the 881 Hillside indicate that the thickness of
saturated colluvium varies often thinning below the 10 foot saturated thickness
assumed in the modeling The combination of these factors suggest that the model
determined pumping rates would be higher than would be expected from an actual
water production well on the 881 Hillside

6
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OU 1 Domestic Water Supply Simulations
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JERIS A DANIELSON
State Eng neer

ROY ROMER
Go e nor

OFFICE OF THE STATE ENGINEER
DIVISION OF WATER RESOURCES

1313 Sherman Street Room 818
Denver Colorado 80203
(303) 866 3581
FAX [303) 866 3589

March 12 1992

Mr Scott Grace

United States Department of Eneray
Rocky Flats Offace

P 0O Bor 928

Golden CO 80402-N928B

Dear Mr Grace

We has/e reviewed the document submitted entaitled Publac
Health Risty Assessment 8Bl Hillside Area (0OULl) Technical
Memorandum Mo & Erposure Scenarios Revasion 7 dated March
1992 The purpose of our review was to specifizally eraluate the
findainas presented an Appendir B Investigation and Simulaticn of
Water Production Capabilities

The bas.tc conclusion of this appendir 15 that neither the
shallow alluvial aquifer (Rocky Flats Allu/ium) nor the underl/ing
Arapahoe Aquifer 1s capable of producang sufficient water for even

domestic purposes Thas conclusion was derived from model
samulation runs utalizaing the USGS MODFLOW ground water flow
samulataon package Thais conclusion 1s applaied only to the B81

H.llside aresa

Whaile the basic ainput parameters are gaven ain the appendir»
actual model]l setup and output were not submitted Basically the
parameters selected and presented in Table B-J and Table B-4 appear
to be reasonable waith the erception of the specaific vield value for
the Arapahoe Aquifer Based on previouds work by the USGS and on
researched funded by thas office and the Colorado Uater
Conservation Board, the actual specific vyield of the Arapahoe
Aauifer ranaoes between O 15 and 0 20 The samulation runs used a
value of 0 70 The use of the higher value will result in more
viater being released from storage and a more rapid depletaion Thas
wil]l cause cells to dry up more quackly tham they may ain
actualaity Although we suggest that the model be rerun waith a
specific vield of no more than O 2N ve do not feel that the
result will significantly change the conclusaion 1t will change
the length of taime necessary to deplete cells

Based on these comments ve feel that the conclusion that
neither aquifer 1s a potential source for domestic water supplies
in the 881 Hillside area a1s valid when consaderang future land use

Ve would live to comment on several statements made an the

document which ore mot necessaraily correct and should be corrected
prior to issuance of the fainal document

i, i, wemdER Lk s [ EERE T - { g



1 Page B-3 Paragraph 4 -- This paragraph states that
domestic wells drailled to the Laramie-For Hills Aquifer
(SN0 to 700 feet) are not an economically siable

alternative Thas 1s not true It 15 Quite commen in
the Denver Basin for domestic wells to be drilled to
depths in ercess of 1000 feet Therefore Laramie-For

Hills wells for domestic purposes are very labkely in the
future dependaing on the permaitted land use

2 Page B-8, last paragraph —— It 15 stated that well vaields
listed 1n Table B-5 are the marimum permissible pumpaing
rates Actually the rates listed for the domestic wells
are those reported by the driller at the time the well
vwas completed and actual permissible pumping rates ma,s be
eirther 135 gpm or 25 gpm depending on the vear the well
was permitted It 25 true that the permissible rate is
independent of the actual sustained yield Permitted
pumping rates for wells other than domestic and stoct
(permit numbers with the suffaiy F ) may also be
different thanm either the maxaimum pumping rate or the
sustained vaeld

Page B-13 farst paragraph =— Permitted well yields of
less than 15 gpm do not necessarily mean that a well is
limited to domestic or stoclhk use

(2]

4 Page B-17 last paragraph -- 1t is stated that the
bedroclk dips approrimately 1 degree However Page 2

states that the dip 1s 2 degrees

We hope that these comments are helpful Should you have any
questions please contact me at (303) B866-358S5
S;n:erﬁ;;;£::;7 é::f//’
Geo:ge VanSlybke
Chief Geotechnical Servaices

cc Hal Sampson, Actaino State Engaineer
Gary Baughman Colorado Department of Health Pocky Flats Unat
Ron Cattani Erecutave Dairector s Office CDNR
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EG&G ROCRY FLATS PLANT Manual 5 2100-OPS
EM/ER GROUNDWATER SOP Procedure No CW 08 Rev 0
Page 33 0l 43
Safety Related Efective Date October 29 1991
Categorv 1 Organization ER& WM
AQUIFER PUMPING TEST DATA SHEET
DATE 5 \2[\92 PERSON RECORDING DATA __ Sw Th —£636

WELL # 0497 (981 Hhcs £
HYDROSTRATIGRAPHIC UNIT Colluy o , o

E 9 2 c~35 (satvra S REEIE O
SCREENED INTERVAL _4.94 frwo 2149 fi fvm T oy Suase

STATIC WATERLEVEL _994 &  PUMPING WELL LD 2 i (cas~g)

@ ToC-5S
-3
DISTANCE TO PUMPING WELL M(A g  wewTD 2099 e+ @ 70c=35
pump inrrng pepry 21T £+

TESTSTARTTIME /3 __!f 55 WiTIAL SATueaTE> ThukwESS (220 €F
VolumE Puml O
Corls) _ eanGE w BT

ELAPSED TIME Pvmp ~VATEREEVEE 27 Q (pumping well) v te
—nys) [waw ) e (Units) (mw) (Unis)(4n v _

0o ON 7ay

122 oFF- 305 122 25

3 22 on

Yogp oFE o (prmp_ MET_PRume G D

2 58 o

915 JFF o 15 293 0 o9

i/ 0¢ oN

12,5¢ L ) (Ponp MT LRim 46D

16,09 oN

7 <3 0 0 5 238 _ 00Go _

2429 ON _

2o 4% laa _°5 = 23y _e.0f. .

— 34,99 o —_—

(4011 XAQTISTX1079/1)
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EG&G ROCRY FLATS PLANT Manual € 2100-OPS
EM/ER GROUNDWATER SOP Procedure No GW 08 Rev 0
Page A3 of 43
Safety Related EfTective Date October .9 1991
Categorv 1 Organzation ER&EWM
AQUIFER PUMPING TEST DATA SHEET
DATE 5 _\2( \92 PERSON RECORDING DATA
WELL # oNZ2T ( ’ )
HYDROSTRATIGRAPHIC UNIT / “e [y !
SCREENED INTERVAL ft to ft
STATIC WATER LEVEL PUMPING WELL LD n
DISTANCE TO PUMPING ft
TEST START TIME
Vokume PemlzO
(qrs AvErAG E W AT
ELAPSED TIME Pemp = 6T  Q (pumping well) Ley e
—(Lnus) (wam ) o /oEe nits) (=) (ummﬁ; ve) ‘ *
3b o5 5AF > 5 9 L3 0052
45 58 o —e
“’(p 27 0~ 0 5 10 1% 0. 047 —
692 ON
57 30 OFLE 0 Y5 19,55 0 0y3
6r 5% on
70 44, 0 Re 05 1286 0,639
32,718 ON
£4,50 QEL o Y34 0,042
_ - 2758 J LN . - —_—
dsr) 9147 (o) ke 2,65 14,92 __ 0 04y
(01,25 (1 23) L RECovEry  DaE) AR
102 53 (7 41) 3 22 9”
(4011 )XAQT=S™)1C7951)
JREEPTR de A> en I P Yoiodbon o WGy hin s i M iz el o] P
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EG&G ROCRY FLATS PLANT Manual 5 2100-OPS
EM/ER GROUNDWATER SOP Procedure No GW 0 Rev 0
Page 33 of 43
Safetv Related EfTective Date October 29 1991
Categorv 1 Organizaton ERAWM
AQUIFER PUMPING TEST DATA SHEET
DATE _5 \21 \ 92 PERSON RECORDING DATA
WELL # ON?7 /
HYDROSTRATIGRAPHIC UNIT &x e ()
SCREENED INTERVAL ft 10 A
STATICWATERLEVEL _______fi UMPING WELL 1D n
DISTANCE TO PUMPING WELL ft
TEST START TIME
fores 7
£ LoV Py Puan e D
T Wué ‘)%' ) A - LvErRAG £ w AT
ELAPSED TIME [ Pv™p  -WATEREEVEE ©7T  Q (pumping well) s
(Unts) fon 3 ov/orr ~Qnits) (~ w) Unus)(47 ) —
16342 (40) (fecovere,  DaTa) 20 65
oy yz_ (50) 1 20,40
105 N2 o) 10
136 42 (7o) 19,926
o2, 47 (20) (9.59
|:22 4z (907 { l‘jj?.
09 47, (00) _ 1900
(o gz (te) N/ P d

- — et ——— e w—

(CO1IXAQTSTX107951)
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EG&G ROCRY FLATS PLANT
EM/ER GROUNDWATER SOP

Safety Related
Categorv 1

Manual
Procedure No

Page

ElTective Date
Organization

§2100-0PS
CWO08 Rev 0
33 of 43

October .9 1991
ER&EWM

AQUIFER PUMPING TEST DATA SHEET

DATE S \I\7C

WELL# _27/49] («Y?I /h((r,Jv.x

HYDROSTRATIGRAPHIC UNIT Colluvivwn

SCREENED INTERVAL _/3 1
STATIC WATER LEVEL _7.55

DISTANCE TO PUMPING WELI

PERSON RECORDING DATA _/% St~ ECHG

PUMPING WELL 1D

@ T C—pPy

e

TESTSTARTTIME _0 9 38 2%

fr

VILUmE PvmP O

fiio_<3 8 fi Avmroc-Avs

< n (mswg)

WELL T O 2580 €4 @ o -PVE
pvmp twTAKE REPTH 2593 £+

/725

WITIAL SATAATED Twiawl. 51s2

(qrls AvirAG E W Y,
ELAPSED TIME  FPv™p “WATERESVEE 27 Q (pumping well) oy it
Ums) [vnin ) oN/oRE (Unyts) (mw (Units)(er~ b 3
o0 Y 765
2 5 VAL 30 25 /I Lo
4 5 onN
2.5 45~ /, 2 30 © 4o
25 oON
g 25 S / O 2 15 o 3
1> 25 __on .
vyaf Q) A~ 0o 5 AR o (o
744 ON
1524 JFE 24 323 __o lo_
12y on e
19 99 oFe 0 Yy 458> 9 09 _
24 714 _or _ L
(4011 XAQTSTYIC ™)
et - - b s S5

P e L
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EG&G ROCRY FLATS PLANT Manual 52100-0PS
EM/ER GROUNDWATER SOP Procedure No CW 08 Rev 0
Page 33 of 43
Safety Related EfTective Date October .9 1991
Categorv 1 Organization ERAWM
AQUIFER PUMPING TEST DATA SHEET
DATE 5 \¥/\i2 PERSON RECORDING DATA

WELL # __ 37214

/(Sﬁf_ /Aq,z/}
/ft

HYDROSTRATIGRAPHIC UNIT
SCREENED INTERVAL ftto
STATIC WATER LEVEL PUMPING WELL LD In
DISTANCE TO PUMPING ft
TEST START TIME
/
Vokume Pvmic O
(aris) LvisrG E W AT R
ELAPSED TIME  Pvmp —WATEREEVEE 67  Q (pumping well) s
unis) [mim ) oV /R nis) (= v) (Unas) 4o~ -
2807 dFL > 3 533 0056
33 09 oN
33 ¢l 9 = ) £ 39 o ooF
39¢6 JN —
~d, 2 dFe > S G GG o 578 —
~7,33 d
4P, 25 Jd AL o Y 743 d t5o
572.15 oW
5 s, _JPE 0 35 191 O 05%
67, ¢ oN - e e
6207 JFE e 5 LaL 0 0590
73 09 0 - ———— = me —
_ 8% _SREF 25 . 2 o o4k
(€O \QTESTXIC"9®1)
- Miw«h s e e s R - I Y P - WOPR

e S e s B,
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EG&G ROCAY FLATS PLANT Manual € 2100-0PS
EM/ER GROUNDWATER SOP Procedure No G'W 08 Rev 0
Page 33 0rdl
Safety Related EfTective Date October 9 1991
Category 1 Organization ER&VM
AQUIFER PUMPING TEST DATA SHEET
DATE S \%\9Z PERSON RECORDING DATA
WELL # __ 3719/ / (
HYDROSTRATIGRAPHIC UNIT 22 fmqe ( >
SCREENED INTERVAL firo__ /&
STATIC WATERLEVEL ______ £t/ PUMPING WELL LD in
DISTANCE TO PUMPING ft
TEST START TIME
ELafsbs?
!’-%WL VoumEe PvaPoO
g3 — LvERAG E W kT
ELAPSED TIME| FPv™p  —ATEREEVEE ©7  Q (pumming well) CEv tr
units) [wum ) on /ore (Unss) (=) (Unusar~ ) }
9021 on
11.87 Y 0 6 i30] 0 04k
n,&‘L_Z’] _Qw
185 %7 _JRE 015 14,00 0,084
e, 27 o
My g8 (o) yFF 0 72 1248 0 055
11923 U z2) (/LFCewE)Ly__ RaA D 24 Yo
120 23 @ z2) 2371
121.8% (3 28) 23,19
12z g3 (422) . — 22 19
23 83 (s L 22 36
124 93 (628 . 22 of
25y (738 _ _ L 2(,25
(€01IXAQTZSTXIC.™R1) v
B B akariin ot - MM@ 2k kot et BIPEE, . o ey t.n&;ﬁﬂ&.Ww
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EGA&G ROCHKY FLATS PLANT Manual 5 2100-OPS
EM/ER GROUNDWATER SOP Procedure No GWO08 Rev 0
Page 33 or 43
Safety Related EfTective Date October 29 1991
Categorv 1 Organi.ation ER& WM
AQUIFER PUMPING TEST DATA SHEET {
DATE _S \%/ \1% PERSON RECORDING DATA g
WELL # __ 3714 / ( \
HYDROSTRATIGRAPHIC UNIT DL fhqe |
SCREENED INTERVAL ft 10 /&
STATIC WATER LEVEL ft /PUMPING WELL LD 1n
&
DISTANCE TO PUMPING ft
TEST START TIME
m K e P P
slumE. Pvan
nrmkE v Canls LvirAG E W TR
ELAPSED TIME| Pv» —VATEREEVEE 27T Q (pumping well) SN
(Units) [wan ) oV />R Units) (m~ Unis)(4e v _
126 23 (328) M AT ) 257
127 23 (822 21,49
27 23 (028 2ly3
130 23 (1z28) \ 2149
(€011 XA\QTESTXIO™A1)
U Sy &Mh —— s e el i

By el sl Y s
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EG&G ROCRY FLATS PLANT Manual 5 2100-0PS
EM/ER GROUNDWATER SOP Procedure No CW 08 Rev 0
Page 33 of 43
Safety Related Effective Date October 29 1991
Categorv 1 Organization ER&WM
AQUIFER PUMPING TEST DATA SHEET
DATE 5 \¥2\92Z PERSON RECORDINGDATA _R_Sm Th - £G+ G
WELL # 6z 86 ( §zi /hLLYﬂ}éB
HYDROSTRATIGRAPHIC UNIT _V/fLER C(ARAm I SAVDS TomVE
SCREENED INTERVAL 26,43 fito 3640 fi 6wm voc -5
STATIC WATER LEVEL & G q( ft PUMPING WELL LD Z- in (5w 3>
& 1oC—-S*%
DISTANCE TO PUMPING WELL _w/a fi wete T o 36:85 A+ O roc- 55
pump inrake verrs 3608 €4+
TEST START TIME _ 09 _/® 5o IV MAL SATVAATED Trheuwesy _I0YY £t
VokvmE PvmlzO
Canls) LvERAG E W AT

ELAPSED TIME Pvnf —VATEREEVEE ©7  Q (pumbing well) i Ll
Unus) (wan) ov/oer (Unyts) (=) (Unys)/4» v = -

0,0 onN 20.41

2 0 oRE 23 20 115 _ |
66 _ON —
3,582 ORE 0,59 Il 5% 6 047 -
2583 ON

26.32 A 0.5 12y _00319

36,23 oN -

38 59 o~ O (B"""f MT f&lm%*\

3% 7Y ON

39,25 ORE 0 45 1243 __0 035

51,11 YV

5150 SR © 45 _ 1225 ___° 037 _ _
€367 o |

(011 XAQTESTX10.981)
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EG&G ROCRY FLATS PLANT Manual 5 2100-OPS
EM/ER GROUNDWATER SOP Procedure No GW 08 Rev 0
Page A3 ol 43
Safety Related EfTective Date October 29 1991
Categorv 1 Organization ER&AWM
AQUIFER PUMPING TEST DATA SHEET
DATE _5 \22\ 92 PERSON RECORDING DATA
WELL # (2?20 y
HYDROSTRATIGRAPHIC UNIT o (o pas00)
SCREENED INTERVAL ft t0 fr
STATIC WATER LEVEL t PUMPING WELL LD n
|
|
DISTANCE TO PUMPING ft
TEST START TIME
7 VohumE PemlPeO
Conls) LvERG E W AT
ELAPSED TIME Pv» —WAFEREEVEE ©T  Q (pumping well) SR
unis) (v ) on /zre (Units) (= w) Unus)ar -
64.38 0Ee 0y /3 3% 6 630
Q& 00 onN
12 ﬂ‘(’ OLE 04 12 2y °© 033
29,25 — 9l
AR, —OFE 39 12, 0028
16! 33 o
02 03 JRE 02 1220 0,0k
17 7 ON
g [ ORF 0,45 16 07 O 02
D oF 132 f o e _
=57 __133%23 (o) _yeE o4 1543 0026
3508 (175 (E__Covfju% AT ) o 3551
3623 (3> J 3525

(401 IXAQTESTX10.79/21)
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EGC&G ROCKY FLATS PLANT Manual £2100.0PS
EM/ER GROUNDWATER SOP Procedure Mo GW (08 Rev 0
Puge A3 of 43
Safety Related Effective Date October 29 1991
Catecorv 1 Organization ER&WM
AQUIFER PUMPING TEST DATA SHEET
DATE _S \22 \92 PERSON RECORDING DATA
WELL # Gz€b
HYDROSTRATIGRAPHIC UNIT , (e /47;. )
SCREENED INTERVAL ft 10 &
STATIC WATERLEVEL ______ft  PYMPING WELL LD n
DISTANCE TO PUMPING WELL fi
TEST START TIME
/S
Volume, PrmpP2O
. Al ) — LvEr-G E (VO TLS
ELAPSED TIME  Pv™p —WATEREEVEE 2T Q (pumping well) v i
(Units) [wun ) oN/srr Unus) (= (Unys)an =) -
13723 (&;@w ATA) 3502
13923 (§ / 34 37
139 23 (\) 3\, q%
140 23 ) 3 4. 6o
4023 @2 34,49
Y2 2) () 324,40
J4323 () o 39 3¢
‘IVY(Z} (“) “nZi
(45 23 (1) N/ trole v
( vinbe- to
- -——— T OSeeTpE
ProbE )

(4011 XAQTZSTXIC."9R1)
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